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The primary goal of feedlot cattle nutrition is to provide the most appropriate feeds for 
cattle to gain body weight efficiently while minimizing cost. Typical strategies utilize diets 
containing high concentrations of starch to maximize energy intake. An adaptation period is 
necessary to allow the microbial community in the rumen to adjust from forage-based diets to 
high starch diets. These adaptation diets have greater inclusions of forages and are usually 
managed by a series of step-up diets. Once cattle are consuming the finishing diet, different 
processing methods of grains such as grinding and ensiling have been utilized to change the 
availability of starch to be digested. Different processing methods can also alter the site of starch 
digestion to some extent. The high starch concentrations in finishing diets can cause acidosis and 
liver abscesses that can decrease cattle efficiency and profitability. Although grains are the 
primary source of energy in most diets, producers commonly incorporate coproduct feeds that 
are high in easily degradable fiber to mitigate metabolic disorders while maintaining energy 
concentrations in the diet. 
Because of the minimal starch yet high energy present in coproducts, an experiment was 
conducted to examine feeding coproducts as an alternative to forage in adaptation diets and its 
interaction with different adaptation protocols. Simmental × Angus and Angus steers (N = 140; 
237 ± 28 kg) were blocked by initial BW and allotted to 20 pens. Steers were fed a common 
receiving diet for the first 9 d after weaning. Pens were randomly assigned to 1 of 2 dietary 
treatments: 1) decreasing coproduct inclusion (soybean hulls and modified wet distillers grains) 
while increasing dry-rolled corn over 36 d or 2) decreasing forage inclusion (alfalfa and grass 
hay) while increasing dry-rolled corn over 36 d. Pens were fed either 5 or 2 step-up diets for each 




common finishing diet for the remainder of the trial (160 d). Rumen fluid was collected on d 35 
and 70 to determine the populations of bacteria. At d 36, steers fed the coproduct-based diets had 
a greater body weight (BW; 319 vs. 313 kg; P = 0.01) and average daily gain (ADG; 2.29 vs. 
2.12 kg; P = 0.02) compared with steers fed the forage-based diets. Steers fed the coproduct-
based diets with 2 step-up diets had the greatest overall ADG (P ≤ 0.05) and final BW (P ≤ 0.05) 
compared with all other treatments at d 196. Within the rumen microbiome, alpha diversity was 
greatest (P < 0.01) for steers fed forage over 2 steps at d 35, but only individual taxa changed 
from d 35 to 70. Hot carcass weight tended (P = 0.05) to be greater for steers fed the coproduct-
based diets compared with forage-based diets (387 vs. 380 kg, respectively). Yield grade was 
greater (P = 0.01) for steers fed two step-up diets due to increased (P = 0.02) backfat thickness 
and smaller (P = 0.02) longissimus muscle areas. 
A second experiment was conducted to compare the effect of corn type on growth 
performance and indicators of gut permeability when fed with or without tylosin. Angus and 
Angus × Simmental heifers (N = 120; 188 ± 2.6 kg) were blocked by initial BW and alloted to 8 
pens. Pens were randomly assigned to either be fed tylosin (T+) or no tylosin (T-) on d 0. 
Heifers were adapted to a common finishing diet over 35 d. On d 35, pens were then assigned to 
a high moisture corn-based diet (HMC) or a dry-rolled corn-based diet (DRC). The treatments 
were arranged in a 2 × 2 factorial design. Body weight was recorded, and blood was collected on 
d 0, 35, and approximately every 28 d following. Rumen fluid and fecal grab samples were 
collected on a subset (n = 48) every 56 d. Treatment did not affect (P ≥ 0.14) BW, DMI or ADG 
throughout the trial. On d 252, Heifers fed HMC had greater (P = 0.03) ruminal pH compared 
with DRC. A diet × tylosin × time interaction indicated that cholesterol was lowest (P ≤ 0.04) for 




HMC had a larger (P = 0.04) longissimus muscle area than DRC. Heifers fed HMC T+ had the 
most (P = 0.04) desirable yield grade. 
In summary, utilizing coproducts during the adaptation period was an effective substitute 
for forage and increased BW and ADG through the finishing period regardless of number of 
steps utilized. Although adaptation strategy can alter the composition of the rumen microbiome, 
all treatments appeared to be well adapted to the finishing diet by d 35 without major differences 
at d 70. During the finishing period of the second experiment differences in ruminal starch 
digestion had little effect on performance while affecting ruminal pH and gut permeability. 
Overall, maximizing energy availability while reducing the risk of metabolic disorders improved 
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The beef cattle industry is unique in the fact that it can turn low-quality inputs into a 
high-quality protein source. The digestion of low-quality feeds is attributable to the action of 
microorganisms in the rumen of cattle. Due to this symbiotic relationship, the nutrition program 
for cattle must be tailored to meet the needs of both the host animal as well as the 
microorganisms. Understanding this relationship to improve cattle production has been the goal 
of researchers for more than one hundred years, yet the physiological complexity and ever-
changing economics of production drives new research areas.  
The feedlot industry in the United States has historically been based on an abundant 
source of cereal grains and demand for highly marbled beef by consumers. Different 
management strategies of feedlot cattle have emerged to improve efficiency and profitability 
despite the high inputs and low margins. To be able to make a profit, producers utilize energy 
dense grains high in starch as the main feed for feedlot cattle. The type of cereal grain and 
processing method affect the amount of starch readily available for fermentation in the rumen. 
When starch escapes rumen fermentation, there is the opportunity for it to be digested 
enzymatically in the small intestine or fermented in the cecum (Owens et al., 1998).  Overall, 
ruminal digestion of cereal grains in feedlot diets can vary widely from about 40% to 60% 
depending on grain type (Spicer et al., 1986) and particle size (Galyean et al., 1979). 
Fermentation of feeds by ruminal microorganisms produces volatile fatty acids (VFA), 




rumen when production exceeds absorption rate (Owens et al., 1998). When rumen pH drops 
below 5.6, it is considered acidosis (Cooper et al., 1998). Acidosis is most commonly defined as 
either subacute, with rumen pH between 5.6 and 5.2, or acute with pH below 5.2 (Cooper et al., 
1998). The symptoms for acidosis can range from a slight reduction in intake for the subacute 
form (Owens et al., 1998) to laminitis or death for the acute form (Nocek, 1997). Although acute 
acidosis is more severe, subacute acidosis has the potential to cost producers $15 to $20 per head 
in lost efficiency (Schwartzkopf-Genswein et al., 2003). In addition, acidosis has the potential to 
lead to liver abscesses which could further reduce efficiency (Brink et al., 1990). 
One of the main triggers for acidosis in feedlot cattle are abrupt changes in diets (Owens 
et al., 1998). For this reason, the process of adapting cattle from a forage-based diet to a high 
starch diet is crucial to create a foundation for digestive health and to maximize efficiency. This 
adaptation period will allow for the microbes to adapt to efficiently ferment the feeds as well as 
let the epithelium adapt to the increased amounts of VFA produced (Cheng et al., 1998). 
Typically bulky forages have been used to achieve this adaptation to a high starch diet. Concerns 
with these diets include cattle sorting rations and low mixing efficiency in feed mills which may 
contribute to greater risk for acidosis (González et al., 2012). 
The rapid growth in the ethanol industry in the last 30 years has increased the availability 
of coproducts to the point they are nearly ubiquitous in feedlot diets. Coproducts are secondary 
products from the refinement of a raw substance that still have value in other industries.  
Coproducts, such as distillers grains, have an energy value similar to corn even after the starch 
was removed in the ethanol process. Coproducts are typically low in starch and high in 




situations. The low starch concentrations allow for a slower release of energy while their small 
particle size and increased moisture levels reduce the opportunity for sorting. 
There has been a large body of research on the use of coproducts (Stock et al., 2000; 
Klopfenstein et al., 2007; Klopfenstein et al., 2008; Schingoethe et al., 2009). Specific questions 
remain that could change current cattle feeding practices. This literature review will provide an 
understanding of previous research related to ruminant digestion of coproducts and starch and 
their effect on the ruminal environment. 
STARCH IN FEEDLOT DIETS 
Starch is deposited in plant tissues and is a form of carbon reserve in plants. Starch was 
described by Martin and Smith (1995) as a carbohydrate consisting of two main fractions, 
amylose, and amylopectin. Amylose is mainly linear chains of approximately 1000 glucose 
molecules linked by α(1-4) bonds. Amylopectin has short chains approximately 20 glucose 
molecules long linked with α(1-4) bonds that connect with other chains using α(1-6) linkages. 
Amylopectin becomes an organized structure 200 – 400 nm long and 15 nm wide. Amylopectin 
typically makes up 70% of the starch while amylose makes up only 30%.  These concentrations 
can fluctuate due to the type of plant and within different parts of the plant.  
Starch is a high energy carbohydrate that can be digested both enzymatically and through 
microbial fermentation. Enzymatic digestion takes place in the small intestine of both humans 
and animals. Endohydrolases and Exohydrolases are the two classes of enzymes important in the 
digestion of starch (Dona et al., 2010). Endohydrolases, specifically α-amylase breaks amylose 
and amylopectin by randomly cleaving an α(1-4) bond (Werner and Keilich, 1965). From there 




reducing end of the chain (Dona et al., 2010). The single glucose units can then be transported 
into the enterocyte by the SGLT1 transporter and into the blood through the GLUT2 transporter 
(Harmon and McLeod, 2001).  
Microbial fermentation in the rumen is less efficient than enzymatic digestion in the 
small intestine, mainly due to losses in heat and gas production (Harmon and McLeod, 2001). 
However, the energetic product from the fermentation of all carbohydrates is VFA and can 
contribute 70-80% of the animal’s caloric requirements. Starch is the most abundant 
carbohydrate found in feedlot diets and can have about 60-90% fermented in the rumen (Owens 
et al., 1986) depending on diet composition. The most common amylolytic bacteria in the rumen 
are, Ruminobacter amylophilus, Streptococcus bovis, Succinimonas amylolytica, and 
Succinivibrio dextrinosolvens(Fahey and Berger, 1988). These bacteria break the amylose and 
amylopectin down to maltose and glucose units. Maltose is then broken down by saccharolytic 
bacteria called Prevotella ruminicola, Butyrivibrio fibrisolvens, and Selenomonas ruminantium. 
These digestion processes were determined using culture-dependent work. New technologies are 
now utilizing culture-independent methods to give a broad view of microbial populations and 
their actions in the rumen.  
Volatile fatty acid production is highly dependent on the type of diet provided to the 
animal. Overall VFA production is greater for concentrate diets compared with roughage based 
diets as well as propionate being in a greater proportion in concentrate based diets (Murphy et 
al., 1982). Absorption of VFA occurs by passive diffusion through rumen epithelial tissue and 
increases with greater concentrations of VFA (Owens et al., 1998). 
Most of the starch found in a feedlot diet is in the form of cereal grains. Cereal grains 




of the starch causes it to be less available for digestion. The starch in whole, unprocessed corn 
grain can range from about 40% (Galyean et al., 1979) to 60% digestible by rumen fermentation 
(Owens et al., 1986). Although not processing grains limits the amount of rapid fermentation in 
the rumen, decreasing the risk for acidosis, it also reduces the energy available to the animal. 
Grain processing methods have been adopted by most producers to make the starch more 
available. 
The most common grain processing methods are, cracking, rolling, grinding, ensiling, 
and steam flaking. Cracking, rolling and grinding are all dry processes designed to break apart 
the kernel and increase the surface area for amylases to act on the starch. As particle size 
decreases, total tract starch digestion will increase, mainly because of an increase in ruminal 
starch digestion (Owens et al., 1986).  Ensiling grains allows anaerobic microorganisms to begin 
the breakdown of the grain allowing the starch to be more available at the time of feeding. Steam 
flaking is a process that combines heat, moisture, and pressure to gelatinize the grain and expose 
starch for fermentation. The proper temperature and pressure are dependent on the type of grain 
being steam flaked. When steam flaking is done incorrectly, it may limit starch digestion by 
making a glue-like substance decreasing microbial and enzyme penetration (Zinn et al., 2002). 
Corn processing methods also impact the site of starch digestion. If all of the starch is 
available for digestion in the rumen and small intestine, little will be available for fermentation in 
the cecum (Owens et al., 1986; Zinn et al., 2002). However, small intestine digestibility may be 
limited by enzyme secretion (Ørskov, 1986). In an infusion trial of gelled maize starch in sheep, 
Mayes and Ørskov (1974) found that only about 45 to 70% of the glucose from starch was 
absorbed in the small intestine. Small amounts of glucose passed the terminal ileum along with 




(Richards et al., 2002). Casein (Brake et al., 2014b) and glutamic acid (Brake et al., 2014a; Blom 
et al., 2016) have increased small intestine starch digestion when starch is infused into the 
duodenum. In these studies, glucose absorption was not limited in the small intestine. 
Utilizing coproducts as energy sources can also alter ruminal starch digestion. Schwandt 
et al. (2017) evaluated the impact different corn processing methods have on performance and 
digestibility when 20% distillers grains are in the diet. They observed no differences in body 
weight (BW) or average daily gain (ADG. Steers fed dry-rolled corn had greater intakes than 
steers fed steam-flaked corn. Additionally, as the particle size of dry-rolled corn decreased, 
intake for the last 5 wk on feed decreased. As producers continue to increase distillers in the diet, 
further research will be needed to understand site and extent of starch digestion by ruminant 
animals. 
COPRODUCTS IN FEEDLOT DIETS 
Coproducts are secondary products from a refinement process that have value in other market 
segments. Coproducts have potential values in multiple ways in the beef cattle industry. One of 
the major industries beef cattle producers obtain coproducts from is the production of alcohol. 
Although alcohol has been made for centuries, it was not until the 1900’s that people began to 
feed the coproduct from alcohol production to cattle (Klopfenstein et al., 2008). Since then 
coproducts have become more popular in feedlot cattle due to price and nutrient value.  
 There are two primary processes in the refinement of grains for alcohol and industrial 
uses. The wet milling process results in corn gluten feed as a coproduct while the dry milling 
process yields distillers grains plus solubles (Tjardes, 2002). The wet milling process is used 




grain prior to grinding, extracting the germ and extracting the oil from the germ. This process 
allows for a diversification of products to be able to limit losses and maximize profits in volatile 
markets. 
The dry milling process consists of grinding the kernel dry, cooking, liquefaction, 
saccharification, and fermentation to produce high volumes of ethanol (Bothast and Schlicher, 
2005). Along with ethanol, the dry milling process produces a product known as stillage. Stillage 
consists of the oil, protein, fiber and other non-fermented compounds. Stillage can be separated 
into a solid portion and liquid portion. The solid portion is known as wet distillers grains (WDG) 
while the liquid portion can be concentrated into solubles. Although both can be fed separately to 
livestock, they are commonly combined and known as wet distillers grains plus solubles 
(WDGS; Kim et al., 2008).  
Additional energy is required to dry WDGS into dry distillers grains plus solubles 
(DDGS). However, it can be economical when transporting long distances. Although the only 
process between WDGS and DDGS is drying, these feeds do not have the same feeding value. In 
a trial done by Ham et al. (1994), WDGS and DDGS feeding values were compared in a growing 
trial, finishing trial and 2 metabolism trials on cattle. In the finishing trial and second metabolism 
trial, cattle fed WDGS ate less than those fed DDGS. Cattle in the finishing trial fed WDGS and 
DDGS had similar final BW, resulting in cattle fed WDGS being more efficient than cattle fed 
DDGS. More recently, ethanol plans have combined partly dried distillers grains with all of the 
solubles to form a product know as modified wet distillers grains (MWDGS). 
Distillers grains have increased CP compared with corn due to the concentration effect of 
removing starch. This increase in CP cannot account for all of the increased feeding value 




protein were formulated to meet or exceed growth requirements and cattle fed DGS still 
exhibited increased efficiency compared with corn. Wet distillers grains plus solubles fed to 
yearlings, averaged 169% of the energy value of corn and 128% when fed to calves. In a similar 
trial, Huls et al. (2008) found that MWDGS had 109% to 123% of the feeding value of corn. 
These values are calculated to be greater than corn because of a large amount of fermentable 
fiber in DGS that provides a slower release of energy compared with starch in corn.  
Another coproduct commonly used in beef cattle diets is seed hulls. The main types of 
hulls include soybean, cottonseed and almond hulls. These hulls are the outer fibrous portion of 
the original product that are difficult for monogastric animals to digest. Soybean hulls are high in 
NDF and ADF and low in lignin with a digestibility that may exceed 90% (National Academies 
of Sciences and Medicine, 2016). Although seed hulls are highly digestible, they are not an 
adequate substitute for the energy value of corn. In a trial by Ludden et al. (1995) steers fed 
soybean hulls had decreased ADG and increased dry matter intake (DMI) compared with steers 
fed corn. Ludden et al. (1995) estimated the feeding value of soybean hulls to be 74 to 80% of 
corn. Inversely, hulls cannot entirely substitute for large particle roughages. Seed hulls are not 
large enough to remove the keratinized ends of the papillae in the rumen, which could lead to 
decreased digestive efficiency. 
As the ethanol and human food supplies continue to evolve, these coproducts continue to 
change in composition. Adaptations have been made to increase the value of the original product 
as well as add value or create new coproduct. Some changes include wet fractioning and dry 
fractioning to separate the germ, pericarp fiber, and endosperm fiber (Berger and Singh, 2010). 
These fractioning processes resulted in increased protein and decreased fat in the final DDGS 




Another major change to distillers grains production is the extraction of oil by 
centrifugation for biodiesel production resulting in decreased oil and increased protein in the 
final DDGS product (Berger and Singh, 2010). When comparing the performance of cattle fed 
WDGS with or without oil extraction Jolly et al. (2014) observed that when oil was extracted 
steers had a lower DMI but had no differences in final BW or gain: feed. A previous trial done 
by Jolly et al. (2013) found no differences in performance or carcass characteristics when 
feeding de-oiled condensed distillers solubles (CDS) or MDGS compared with full-fat CDS or 
MDGS.  As the composition of coproducts feeds change the value and way they are utilized will 
continue to evolve. 
ACIDOSIS IN FEEDLOT CATTLE 
 The reticulorumen contains an ecosystem filled with anaerobic microorganisms that 
ferment the feed consumed by the animal. The anaerobic microorganisms produce acidic end 
products known as VFA from the utilization of feeds for growth. The VFA end products can be 
used as substrates for energy to the host and can be altered by the type of feed. When total 
production of VFA increases the epithelial wall of the rumen increases absorption rate to 
maintain rumen pH (Annison et al., 1957).  
When the ruminal ecosystem is working suitably the acidic substrates are transported out 
of the reticulorumen efficiently, and the pH stays in the range of 5.8 to 6.5 for cattle consuming 
large amounts of grain (Nagaraja and Titgemeyer, 2007). When absorption is slowed, or 
production of the acidic substrates is increased beyond absorption rate the pH may fall below 5.6 
resulting in acidosis (Nagaraja and Titgemeyer, 2007). Numerous reviews of acidosis in beef 
(Britton et al., 1989; Owens et al., 1998; Nagaraja and Titgemeyer, 2007; Nagaraja and 




2003; Krause and Oetzel, 2006; Abdela, 2016) have been done indicating that this is a complex 
metabolic disorder. 
 The main substrates produced during ruminal fermentation are VFA which provide a 
substantial amount of energy to cattle for maintenance and growth (Bergman, 1990). The main 
VFA in the rumen are acetate, propionate, and butyrate. These VFA are produced from the 
microbial fermentation of cellulose, hemicellulose, starch, and sugars. Starches provide a high 
level of energy allowing microbial populations to grow and increase total VFA production in the 
rumen (Murphy et al., 1982).  
Parakeratosis occurs when ruminal pH is low for an extended period. Decreased pH is 
due to VFA production surpassing the absorption rate (Owens et al., 1998). Parakeratosis causes 
thickening the stratum corneum and stratum granulosom of the ruminal epithelium (Hinders and 
Owen, 1965). As parakeratosis increases, the absorption of VFA’s will decrease (Hinders and 
Owen, 1965) causing further decline of pH. Roughages with large particle sizes have been used 
to mitigate decreases in ruminal pH due to the increase bicarbonate buffer from saliva production 
(Allen, 1997). The larger particle sizes also act as a “scratch factor” to remover old epithelial 
cells and increase growth of papillae (Ørskov et al., 1979). 
The two types of acidosis are subacute and acute. Acute acidosis is defined as a ruminal 
pH under 5.2, and subacute ruminal acidosis (SARA) is a pH between 5.6 and 5.2 (Cooper et al., 
1998). Acute acidosis can show clinical signs ranging from a loss of appetite to death and may 
cause laminitis (Nocek, 1997). Rumen stasis (lack of ruminal contractions) may occur when pH 
is at or below 5.0 (Huber, 1976). While SARA has less severe symptoms than acute acidosis, it is 
more common. Subacute ruminal acidosis causes a reduction in feed intake and performance 




clinical signs. Miss diagnosis of SARA causes severe economic losses due to a reduction in feed 
efficiency. 
 If a low pH is maintained, lactic acid production may increase and is the main contributor 
to acute acidosis. Lactate is produced through the breakdown of pyruvate in the rumen by 
Streptococcus bovis and other lactate producing bacteria (Nagaraja and Titgemeyer, 2007). 
Lactate is a common product of fermentation in the rumen and is metabolized mainly by 
Megasphera elsdenii (Allen, 1997). As pH declines towards 5.0, M. elsdenii is inhibited allowing 
lactate concentration to increase which causes an accelerated reduction in rumen pH (Allen, 
1997).  
There are 2 isomers of lactate in the rumen, L and D(+) (Nagaraja and Titgemeyer, 2007). 
The L form is identical to lactate produced during the breakdown of glucose in exercising 
muscles (Owens et al., 1998) and can be readily metabolized by the liver and heart tissue. The 
D+ form of lactate is less abundant in the rumen and comprises 30 to 38% of the total lactic acid 
pool (Owens et al., 1998). D(+) lactate is less efficiently removed from circulation by the 
kidneys and can accumulate in the rumen and blood (Dunlop and Hammond, 1965). Krehbiel et 
al. (1995b) found that as the severity of acidosis increased plasma concentrations of D lactate 
with no change of L lactate concentrations in sheep. 
Subacute ruminal acidosis has commonly been managed by incorporating long stem 
forages or other fiber sources in the finishing diet of feedlot cattle. Ensuring feed is delivered in 
the correct amount and at a consistent time can help prevent over-consumption, that can lead to 
acidosis. Multiple feeding per day can also distribute feed consumption throughout the day. 
Schwartzkopf-Genswein et al. (2004) conducted a trial where they fluctuated intake from 90% to 




tended to have decreased ruminal pH. Fluctuations in feeding behavior can also have a major 
influence on ruminal health. Pritchard and Knutsen (1995) indicated intermittent binge eating 
can cause acidosis and may be regulated through consistent feeding practices. 
ADAPTATION DIETS IN THE FEEDLOT 
The use of adaptation diets to transition cattle from a roughage-based diet to a grain-
based diet has been widely utilized in feedlots for many years. Adaptation diets allow for 
adaptation of microbial populations, rumen papillae development, and help to limit digestive 
disorders (Cheng et al., 1998; Gäbel et al., 2002). There are three main strategies to adapt feedlot 
cattle to a finishing diet: 1) use a series of steps to replace a forage source with a grain source, 2) 
utilize 2 diets, a forage-based diet, and a concentrate-based diet, and blend them in different 
ratios to adapt cattle to a high concentrate ration, 3) limit-feed the finishing ration and over time 
increase the amount of feed provided until ad libitum intake is achieved.  
The most common method to adapt cattle to a finishing diet is through the use of multiple 
step-up diets to replace forages with grains (Vasconcelos and Galyean, 2007; Samuelson et al., 
2016). In the feedlot survey done in 2015, it was reported that producers utilize 2 to 6 steps with 
each step lasting 5-8 d (Samuelson et al., 2016). This strategy can be specialized for any 
operation and favors operations with large feed mills capable of processing and mixing rations 
on sight. This method will require feed mills to mix several rations which could increase feeding 
time. 
The second common adaptation strategy is the use of two diets blended at different ratios. 
In 2007 14% (Vasconcelos and Galyean, 2007) of nutritionists surveyed utilized this method. By 




method blends a starter ration and a finishing ration in different ratios to adapt feedlot cattle. As 
long as a producer has sufficient bunker storage, a finishing ration and a starter ration can be 
made separately stored and mixed as needed. The process can also include feeding different 
rations to the same cattle throughout the day and allowing the mixing to occur within the rumen. 
This strategy allows for ad libitum consumption of feed. When feeding cattle ad libitum, feeding 
management must ensure that feed is not left in a bunk for an extended period of time that would 
allow spoilage.  
The final common strategy for adapting feedlot cattle to a finishing diet is to limit feed 
the final ration. A trial done by Choat et al. (2002) compared step-up adaptation diets to limit-
feeding in 2 feedlot experiments. In experiment 1 steers were adapted from 46% steam-flaked 
corn to 66% over 20 d or limit-fed the final diet. Steers on a step-up diet were initially fed 1.5% 
of BW (DM basis) and increased by .45kg/steers when bunks were slick. Steers limit-fed were 
offered 1.25% of BW (DM basis) and increased by .23 kg/steer daily when a bunk was slick at 
morning feed call. Intakes were similar by day 27.  There were no differences in overall 
performance; however, in the last 14 d on feed steers restricted during adaptation had greater 
daily gain and more efficient gain to feed than steers on a step-up diet. In experiment 2 steers 
were transitioned from 52% to 80% DRC over 22 d or limit-fed the final diet. In step-up diets, 
feed was initially offered at 2% of BW and increased by .45kg/steer when bunks were slick. 
Limit-fed steers were fed the same as experiment 1. Final BW and HCW were decreased for 
limit-fed steers. Limit-fed steers had lower DMI and did not reach the intake levels of step-up 
steers until day 56. Overall gain: feed was similar for limit-fed and step-up steers.  
Limit-feeding of the finishing ration compared with step-up adaptation has also been 




decreasing DMI without reducing ADG (Bierman and Pritchard, 1996; Weichenthal et al., 1999). 
This advantage may be due to decreased basal metabolic rate from a reduction in viscera size. In 
both these trials, steers were initially limited to approximately 1.7% of initial BW. Other benefits 
from a limit-feeding strategy may be reduced feed loss, simplified bunk management and 
potential for decreased manure (Choat et al., 2002). Although limit feeding has several benefits, 
it requires intensive management and good facilities. Cattle will be more likely to escape pens 
looking for feed, and if the wrong amount is fed it increases the likely hood of creating acidosis. 
Roughages have traditionally been utilized in adaptation diets. Common roughages 
include hay, cottonseed hulls, silage, and corn stalks (Samuelson et al., 2016). Regional 
differences are a primary driver included in the decision of roughage inclusion in adaptation and 
finishing diets. Other considerations for the type of roughage include cost, mixing consistency, 
palatability, and quality. Cost and quality can be dependent on weather and region. Mixing 
consistency (González et al., 2012) and palatability can reduce sorting of feeds. If cattle sort out 
large particle roughages, it may lead to ruminal acidosis and decrease feed intake (González et 
al., 2012; Gao and Oba, 2014).  
Roughages are typically the most expensive feed in an adaptation diet on an energy basis 
and price is highly dependent on quality. To better understand quality an understanding of forage 
growth is essential. Forages have five main stages of development: 1) germination, 2) vegetative, 
3) elongation, 4) reproductive, and 5) seed ripening. Some forages have more than 5 stages; 
however, these 5 stages are common among all forage types (Moore et al., 1991). As a roughage 
matures through the reproductive stage, the quality begins to decline. Neutral detergent fiber, 
ADF, and lignin all increase as maturity continues. These increases result in a decrease in total 




to late in the seed ripening stage. As the maturity increased total tract, organic matter 
digestibility decreased from 82.1 to 74.7%, and ruminal digestibility decreased from 63.4 to 
58.4%. 
Roughage quality is also dependent on the type of forage. Three main types of forages are 
cool-season, warm-season, and legumes. Warm-season grasses have the greatest NDF while 
legumes have the lowest and cool-season grasses are intermediate (Reid et al., 1990). The rate of 
digestion is greatest for legumes however extent of digestion is greatest for warm-season grasses 
when at similar maturity (National Academies of Sciences and Medicine, 2016). Different 
species of forages contain a wide variety of nutrient qualities. Due to the nitrogen fixation 
qualities of legumes, they typically have a high concentration of protein associated with them.  
Different forage processing methods can affect quality and palatability. The two main 
categories of processing are mechanical and chemical processing. The goal of mechanical 
processing is to reduce particle size and increase mixing efficiency in a ration. Grinding and 
pelleting are typical mechanical processing methods (Owen, 2013). Mechanically processing has 
been shown to reduce feed sorting of hay (Alamouti et al., 2009) and silage (Kononoff et al., 
2003) in dairy cattle. Chemical processing alters the chemical profile of the roughage and can 
include inoculation and ensiling. Ensiling, when done correctly, increases organic acid, non-
protein nitrogen, and rumen degradability of nitrogen compared with dried forages (National 
Academies of Sciences and Medicine, 2016). 
Roughages increase mastication and saliva production which provides more buffering 
capacity for the rumen (Owens et al., 1998). The buffering capacity of saliva is essential in 
maintaining the pH in the rumen. Roughages also play a significant role in maintaining papillae 




remove old cells that have become keratinized. Plastic pot scrubbers have been used as an 
indigestible rumen epithelium stimulant to prevent parakeratosis in an infusion trial (Ørskov et 
al., 1979). 
Further research was later published by Loerch (1991) to determine if plastic pot 
scrubbers could replace roughage in high concentrate diets. In the first trial, cattle were fed one 
of three treatments, 85% concentrate, 100% concentrate, or 100% concentrate with 8 plastic pot 
scrubbers. There were no differences in ADG in the first 112 d however, from day 113 to 152 
steers provided with pot scrubbers had 16% greater ADG compared with steers fed 100% 
concentrate. In trial 2, the goal was to determine how many pot scrubbers were necessary. Cattle 
with both 4 and 8 pot scrubbers had increased ADG compared with no pot scrubbers in 100% 
concentrate ration. The 100% concentrate ration also showed signs of papillae clumping and 
shortening. These findings indicate that the physical action of a roughage independent of its 
nutrient value is necessary to maintain rumen papillae function. 
Papillae absorption rate is also crucial in maintaining rumen integrity as feedlot cattle are 
transitioned from a roughage-based diet to a concentrate-based diet. One of the roles of papillae 
is to absorb VFA produced by microbes in the rumen. If VFA are not absorbed, they have the 
propensity to lower rumen pH and potentially cause acidosis. As cattle are transitioned from a 
forage-based diet to a grain-based diet, the ratio of VFA change due to changes in the microbial 
community digesting the feed. In general, as concentrates go up in the feed the 
acetate:propionate ratio decreases (Fahey and Berger, 1988). Due to rumen papillae taking 4 to 6 
weeks to develop (Dirksen et al., 1985), the adaptation period provides time for the papillae to 




Some research has investigated substituting most of the forage in an adaptation diet with 
wet corn gluten feed (Huls et al., 2009; Buttrey et al., 2012; MacDonald and Luebbe, 2012; Huls 
et al., 2016). Corn gluten feed, combined with a low amount of forage to fulfill the scratch 
requirements in the rumen, has shown to be an adequate substitute for traditional adaptation diets 
(MacDonald and Luebbe, 2012). The trial compared different concentrations of cottonseed hulls 
and corn gluten feed to a diet with alfalfa hay. The trial observed that cattle fed high amounts of 
cottonseed hulls ate more than when they were only fed corn gluten feed but was not different 
from the alfalfa control. Body weight by the end of the trial was not different for alfalfa diets vs. 
corn gluten feed diets but was decreased when high concentrations of cottonseed hulls were 
included in the diet.  
Wet corn gluten feed does not eliminate the risk for acidosis. In a trial by Krehbiel et al. 
(1995a) they induced an acidosis challenge and fed 100% DRC, 50% DRC and 50% WCGF, or 
100% WCGF to fistulated steers. The results of this trial indicated that cattle overconsuming all 
diets would experience an acidosis bout, with severity being highest in DRC diets and lowest in 
WCGF diets. The authors concluded that WCGF might be a viable option in adaptation diets to 
help reduce the severity of acidosis.  
LIVER ABSCESSES IN FEEDLOT CATTLE 
Liver abscesses can have an impact on all types of cattle with the biggest economic 
impact affecting grain-finished cattle. Liver abscesses are necrotic hepatic tissue surrounded by a 
three-layered capsule consisting of fibrocystic, collagen, and elastic fiber (Lechtenberg et al., 
1988). The countries that have the highest incident of reported liver abscesses include the United 
States, Canada, Europe, Japan, and South Africa due to these countries intensively feeding beef 




Breed and sex of cattle contribute to the variability in liver abscess formation.  Liver 
abscess incidence is greater for steers than heifers and Holsteins have increased incidence 
compared with beef breeds (Nagaraja et al., 1996). Data collected by Elanco Animal Health 
(Greenfield, IN) shows that between 2004 and 2014 beef heifers, beef steers, and Holsteins had a 
rate of liver abscesses at 13.9%, 16% and 28.3% respectively(Amachawadi and Nagaraja, 2016). 
In 2000 it was reported that liver abscesses were the cause of 30.8% of viscera condemnation 
and 44.8% of liver condemnation in the US (McKenna et al., 2002). Liver abscesses have 
increased from 2011 to 2016, and have increased compared with all previous audits (Eastwood et 
al., 2017). The theory for the increase in liver abscesses is that cattle are on feed longer and are 
reaching a heavier end-point. Holsteins, in particular, are fed for an average of 289 d, 120 d 
longer than beef breeds (Duff and McMurphy, 2007). Another theory is that Holsteins participate 
in regular grooming resulting in the ingestion of a large amount of hair. Fell et al. (1972) 
indicated that cattle hair might be a significant cause of inflammation in the rumen. 
Liver abscesses are typically scored according to the Elanco system. Scores are 0 (no 
abscesses), A- (1-2 small abscess or scars), A (2-4 abscesses in close proximity less than 2.5cm 
in diameter), and A+ (one or more large active abscess with localized inflammation) (Brown et 
al., 1975). In some cases, liver abscesses can adhere to the diaphragm and are also considered to 
be a grade of A+ (Brink et al., 1990). 
It is widely agreed upon that liver abscesses can be a secondary implication from acidosis 
(acute or SARA) caused by rapid fermentation of high starch grains. During ruminal acidosis, the 
ruminal barrier can become more permeable allowing bacteria to escape and enter the portal 
bloodstream. A trial that investigated the effects of SARA on ruminal epithelial function was 




diet containing no grain to a diet containing 65% grain for 3 wk then switched back to the forage 
diet. During grain feeding, ruminal pH was depressed compared with the forage diet and was in 
the range for SARA in the first wk of grain feeding. In this trial, it was determined that after the 
first wk of a high grain diet there were spaces between cells of the rumen epithelium and 
deterioration of cellular tight junctions. The authors indicated this might help increase the 
absorption rate of VFA to reduce SARA, in addition, it increases the risk of several health issues 
including liver abscesses. 
The bacteria most commonly found in liver abscesses is Fusobacterium necrophorum. 
Fusobacterium necrophorum is a gram-negative, nonsporeforming, nonmotile, anaerobic 
bacterium that is found in the oral cavity, gastrointestinal tract, and genitourinary tract of humans 
and animals (Langworth, 1977). Two main biovars, A and B, of F. necrophorum have been 
classified, with A being the most commonly found in pure culture (Tan et al., 1996). One main 
factor F. necrophorum must overcome is the highly oxygenated environment in the liver. The 
outer membrane of F. necrophorum contains endotoxic lipopolysaccharide (LPS) that may 
protect it from phagocytic mechanisms in the liver (Tadepalli et al., 2009). Trueperella pyogenes 
is a facilitative anaerobe often found mixed with F. necrophorum in liver abscesses (Tadepalli et 
al., 2009). A synergism between F. necrophorum and A. pyogenes may allow liver abscess 
formation by creating an anaerobic environment that produces lactic acid for F. necrophorum 
growth (Tadepalli et al., 2009). In turn, the endotoxins from F. necrophorum may help protect A. 
pyogenes (Tadepalli et al., 2009).  
Amachawadi and Nagaraja (2015) have also found Salmonella in liver abscesses of 
Holstein cattle. With this being the first trial to find Salmonella in liver abscess there is no 




liver abscess formation. However, it is hypothesized that it may penetrate the gut epithelial 
barrier in the small or large intestine and enter the liver through portal circulation (Amachawadi 
and Nagaraja, 2016). 
Liver abscesses can cause economic losses in multiple sectors of the industry. These 
losses can come from losses in feed efficiency and decreases in dressing percentages. In a meta-
analysis done by Brink et al. (1990), they utilized data from 12 different experiments. Of the 566 
cattle studied in the 12 experiments, 161 had liver abscess data reported. The 12 experiments 
were separated into 2 groups based on homogeneity of variance. 32.1% of the cattle in group 1 
and 77.7% in group 2 had liver abscesses. Group 1 had no differences in performance due to 
liver abscesses; however, the second group with the greater incidence of liver abscesses had 
decreased final BW and hot carcass weight for cattle with A+ liver abscess scores. Group 2 cattle 
with A+ liver scores also had decreased BW gain and tended to eat less feed compared with 
cattle with no abscesses. These results agree with findings by Brown et al. (1975) and Rust et al. 
(1980). 
Several antibiotics have been used to prevent liver abscesses by feeding them at low 
concentrations in the diet. The antibiotic used most commonly is tylosin phosphate. Tylosin, 
CAS Number [1401-69-0] is a macrolide class antibiotic originally isolated from a strain of 
Streptomycetes fradiae found in soil from Thailand (McGuire et al., 1961). Tylosin has 
antibacterial activity against gram-positive and mycoplasma species through inhibition of 
bacterial protein synthesis by binding to ribosomes (Elanco, 1982). In a trial by Brown et al. 
(1975), tylosin was shown to be effective in reducing but not eliminating liver abscesses by 
reducing gut populations of F. necrophorum. This reduction in liver abscess resulted in more 




Due to pressure from consumers to limit antibiotic use in production animals, research 
has tried to target specific times of tylosin administration to reduce antibiotic exposure while 
maintaining the effectiveness. Muller et al. (2018) evaluated feeding tylosin for the final 34 d on 
feed and saw no differences in liver abscesses. Walter et al. (2018) fed steers a finishing diet for 
162 d and fed no tylosin or fed tylosin in one of 5 treatment: 1) First 42 d 2) first 84 d 3) last 84 d 
4) first 126 d 5) continuously. Livers with abscesses were most common in steers never fed 
tylosin or had been fed tylosin during the last 84 d. Liver abscesses were least common in steers 
fed tylosin continuously and over only the first 126 d. Feeding tylosin reduced liver abscesses 
even when only fed for the first 42 and 84 d. These results indicate that liver abscesses are 
developed early in the feeding period. 
Although there is no indication that F. necrophorum is becoming antibiotic resistant 
(Amachawadi and Nagaraja, 2016) liver abscesses have increased from 15% in 2010 to 19% in 
2015 (Amachawadi and Nagaraja, 2016) without changing the amount of tylosin being fed. 
Some factors that may be responsible for the increase in liver abscesses are moderate corn prices, 
heavier slaughter weights, genetic improvement for growth, and greater days on feed than in 
2010. The large Choice-Select spread has increased the demand for cattle to be on feed longer to 
reach a more desirable marbling that exceeds the discounts for cattle that are extremely fat.   
FEEDING BEHAVIOR OF FEEDLOT CATTLE 
Feeding behavior refers to the manner in which an animal consumes feed and can be 
altered depending on the production system. High starch diets are typically more palatable and 
have smaller feed particles. Thus, cattle must learn to let energy control satiety signals as 




in shorter meal times (Putnam and Davis, 1963). Feed delivery (Gibb et al., 1998) and monensin 
(Stock et al., 1995; Cooper et al., 1997) can be used to alter feed intake and consumption rate. 
Feeding behavior has been studied far less than nutrition or health, but it may play a vital 
role both for beef cattle and dairy cows. One reason behavior is not studied as frequently may be 
the lack of quantitative data that can be obtained. Technologies such as feed intake monitoring 
bunks, accelerometers, and GPS collars have helped to shift the data towards quantitative 
numbers and away from qualitative observations. Thus, feeding behavior research is more 
common and will continue to increase in popularity as more technology is used in cattle feeding 
operations. Due to cattle being a prey animal they participate in diurnal patterns of eating and 
ruminating. These patterns can be altered by different feeding methods and diets (Murphy et al., 
1983).  
 One of the first uses of technology to monitor feeding behavior was done by Putnam and 
Davis (1963). They investigated how dietary changes would affect feed consumption rate. 
Through the use of a photoelectric relay and feeding steers individually in dry lot pens, they 
monitored duration steers were at the bunk, and the amount each steer consumed. These numbers 
were utilized to calculate the consumption rate. The two diets compared consisted of a high 
inclusion of either corn or hay. The results showed that feeding a corn-based diet will cause 
steers to spend less time at the feed bunk while consuming similar amounts of feed as a percent 
of BW. The decreased time at the bunk resulted in a faster consumption rate than steers fed 
finely ground hay. 
 In a follow-up trial, Putnam et al. (1964) analyzed how BW affected consumption rate. 
The same methods and diets were used as the first trial with steers ranging in BW from 242 to 




faster consumption rate and the diet results agreed with the previous trial. The authors attributed 
the BW effect  to the fact that if larger cattle had the same consumption rate as smaller cattle 
they would spend all their time eating to supply maintenance needs. The dietary differences were 
attributed to particle size because the bulkier hay would fill the digestive tract and limit 
consumption rate. 
 Although feeding cattle in individual pens is a simple way to measure feeding behavior, it 
has the potential to alter feeding behavior independent of treatment. A trial conducted by 
Gonyou and Stricklin (1981) compared feeding behavior of steers and bulls either fed as a group 
or in a stall where only one animal could eat at a time. There were 6 pens for each treatment with 
15 animal per pen. The group fed treatment contained only bulls while the stall-fed treatment 
contained both steers and bulls. For this trial, a Pinpointer 4000 feed bunk system was utilized 
for the single feeding group. This system measured the amount of feed that was consumed by 
measuring the difference in weight of the feed between when an animal entered and exited. Each 
animal was identified by a transponder in an ear tag and displayed the information on a screen at 
the rear for a person to record. Two 24 h continuous observations were used to record feeding 
time and consumption of each animal. Meals were grouped into greater than 5 min, greater than 
2 min and all meal lengths and separated by hour of the day. For the bunk fed animals a 24 h 
observation was also performed. Time of meal and total pen consumption was recorded; 
however, individual consumption could not be grouped by length of the meal. The results 
indicated that bulls had fewer meals than steers when fed out of a stall but consumed similar 
amounts. Treatment by sex was unable to be defined because bulls and steers were only mixed in 




amount of feed as bunk fed animals. The authors concluded that more stalls or few cattle might 
allow stall feeding to become more similar to bunk feeding behavior.  
 In a trial of social dominance, it was observed that cattle with access to only one eating 
stall frequently took turns and switched in and out during a single eating period (Stricklin and 
Gonyou, 1981). For this trial cattle were not able to push others out of the feeding stall 
physically and could only assault them from behind. Frequently high and low ranking animals 
would take turns eating with little signs of aggression. Low and middle-ranking cattle had more 
meals but engaged in the same total amount of time eating as high ranking cattle.  
Feeding behavior of newly arrived calves has been shown to change due to the number of 
individual feed bunks (González et al., 2008). In this trial calves were assigned to either have 
access to 1, 2, or 4 individual feed bunks with 8 calves per pen. A quadratic relationship was 
observed indicating calves with access to 1 feed bunk had the lowest feeding time, consumption 
and ADG while calves with access to 2 feed bunks had the highest feeding time, consumption 
and ADG. The authors observed that calves tended to act in pairs while standing, laying, or 
eating. When 2 eating places were available, this allowed for a pair of animals to feel most 
comfortable and resulted in longer eating times.  
Radio frequency identification (RFID) systems have been validated for feeding behavior 
traits and intake for the GrowSafe® System (GrowSafe Systems Ltd., Airdrie, Alberta) (Sowell 
et al., 1998; Schwartzkopf-Genswein et al., 1999). This system is similar to the Pinpointer 4000 
and was described in detail by Basarab et al. (2003). The GrowSafe System has incorporated a 
database to the system to allow for large amounts of data storage. The four main recordings the 
system makes are feed consumption, meal length, meal duration, and head down time. Head 




the RFID antenna and represents the amount of time an animal has its head in the bunk eating. 
To calculate the feed consumption from an animal, the system records the weight of the feed bin 
when it detects an RFID tag and the difference in weight between each consecutive reading of 
the same RFID tag is the amount of feed it attributes to consumtion. Meal length is the longest 
time in-between RFID reads that is considered to be in the same feeding action. Cattle are known 
to switch in and out of the feeder when only one feeding location is present allowing more than 
one animal to participate in a meal at the same time. Meal length may be a fixed length or can be 
calculated for each animal based on feeding patterns. Meal duration is the sum of all meals in a 
single day. Further definitions of feeding behavior that could be gathered using any individual 
feed intake system are shown in table 1.1. 
Meal Criterion Calculation software (MCC; http://nutritionmodels.tamu.edu, verified 3 
July 2018) has been created to fit probability density functions to the frequency distribution 
using the statistical package R (ver. 3.4.4; R Foundation for Statistical Computing; http://r-
project.org, verified 3 July 2018). Previously meal length has been an arbitrary number that has 
been assigned to all cattle. The MCC process allows for individual animals to be assigned an 
independent meal length that represents their eating patterns. This software has been used to 
detect differences in meal pattern based on feed composition (Leen et al., 2014) and residual feed 
intake values (Hafla et al., 2013). This software has also been used to predict feed efficiency 
based on feeding behavior patterns (Parsons et al., 2018). 
The GrowSafe System, along with other individual animal intake systems have also been 
used to assign residual feed intake (RFI) values. Residual feed intake is a feed efficiency 
measure that is adjusted for both BW and BW gain (Koch et al., 1963). These adjustments allow 




RFI value to meal duration and bunk visit frequency. Cattle with greater RFI spent more time at 
the bunk and visited the bunk more often than cattle with low RFI. In addition, RFI has been 
shown to have a weak correlation (r = 0.26; P < 0.05) to eating rate and a moderate correlation (r 
= 0.45; P <0.01) to bunk visit events (Kelly et al., 2010). 
Differences in feeding behavior, such as increased consumption and eating rate, have 
been associated with ruminal acidosis (González et al., 2012). Although it is known there is wide 
variation in intake patterns in large feedlot pens the role of variation in intake patterns on ruminal 
acidosis has not been studied extensively (Schwartzkopf-Genswein et al., 2003). Bunk 
management may be a useful tool to help decrease consumption rate and overconsumption of 
feed that would lead to acidosis. Gibb et al. (1998) found that limit feeding twice increased the 
number of bunk visits and increased the length of bunk visits compared with limit feeding once 
daily and ad libitum feeding.  
CONCLUSION 
Accurate nutrition upon arrival to the feedlot is essential for the long-term success of beef 
production. Proper nutrition during the adaptation period can decrease the occurrence of ruminal 
acidosis and increase performance by improvising the microbial population in the rumen. Along 
with nutrition, the proper management of feed delivery plays a crucial role in the overall success 
of the program. Byproduct feeds can help to improve nutrition while reducing the risks for 
digestive disorders. As consumers continue to push for the reduction of antibiotics, a complete 
understanding of the interaction of nutrition, management, and feeding behavior can help to 






Table 1.1: Definition of feeding behavior traits 
Trait Definition 
BV frequency, events/d Number of BV events recorded each day  
Bunk visit (BV) duration, 
min/d 
Sum of the lengths of all BV events recorded each day 
Feeding bout (FB) frequency, 
events/d 
 
BV events when feed intake > 0 
FB duration, min/d Sum of the lengths of FB events recorded each day 
FB eating rate, g/min DM intake ÷ FB duration 
NFI duration, min/d Sum of the intervals between BV events each day 
Meal criterion Longest NFI interval between BV events that is still part of a meal 
Meal frequency, events/d Average number of meals each day  
Meal duration, min/d Sum of the lengths of meal events recorded each day 
Meal length, min Average meal length 
Meal size, kg Average DM intake per meal 
Meal eating rate, g/min DM intake ÷ meal duration 
HD duration, min/d 
Number of EID recordings each day multiplied by the scan rate of 
the GrowSafe1 system  
Time to bunk, min 
Length of interval between feed-truck delivery and the first BV 
event following feed delivery recorded each day 
BV frequency per meal event Ratio of number of BV events per meal events 
HD duration per meal duration  Ratio of HD duration per meal duration  
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UTILIZATION OF COPRODUCTS AS AN ALTERNATIVE TO FORAGE IN 
ADAPTING FEEDLOT CATTLE TO FINISHING DIETS 
ABSTRACT 
The objective of this trial was to determine the interaction of replacing forage with coproducts 
and the number of step-up diets when adapting feedlot cattle to a finishing diet. Simmental × 
Angus and Angus steers (N = 140; 237 ± 28 kg) were blocked by initial body weight (BW) and 
allotted to 20 pens. Steers were fed a common receiving diet for the first 9 d after weaning. 
Pens were randomly assigned to 1 of 2 dietary treatments: 1) decreasing coproduct inclusion 
(soybean hulls and modified wet distillers grains) while increasing dry-rolled corn over 36 d or 
2) decreasing forage inclusion (alfalfa and grass hay) while increasing dry-rolled corn over 36 
d. Pens were fed either 5 or 2 step-up diets for each dietary treatment during the 36 d 
adaptation period in a 2 × 2 factorial design. Steers were fed a common finishing diet for the 
remainder of the trial (160 d). Rumen fluid was collected on d 35 and 70 to determine the 
populations of bacteria. At d 36, steers fed the coproduct-based diets had a greater BW (319 vs. 
313 kg; P = 0.01) and average daily gain (ADG; 2.29 vs. 2.12 kg; P = 0.02) compared with 
steers fed the forage-based diets. Steers fed the coproduct-based diets had increased dry matter 
intake (DMI; 7.0 vs. 6.8 kg; P = 0.05) and tended (P = 0.08) to have increased gain:feed (G:F) 
over the initial 36 d. Steers fed the coproduct-based diets with 2 step-up diets had the greatest 
overall ADG (P ≤ 0.05) and final BW (P ≤ 0.05) compared with all other treatments at d 196. 
The number of step-up diets did not affect ADG (P = 0.47), DMI (P = 0.61), or G:F (P = 0.75) 
in the initial 36 d. Hot carcass weight tended (P = 0.10) to be greater for steers fed the 




the rumen microbiome, alpha diversity was greatest (P < 0.01) for steers fed forage over 2 
steps at d 35. Yield grade was greater (P = 0.02) for steers fed two step-up diets due to 
increased (P = 0.04) backfat thickness and smaller (P = 0.09) longissimus muscle areas. 
Marbling score was not affected (P ≥ 0.61) by diet or number of step-up diets. The number of 
step-up diets before the finishing phase did not affect growth performance or feed conversion. 
Greater coproduct inclusions can be used in place of forage to increase growth performance 
during the adaption phase and increase ADG during the overall feeding period. 
INTRODUCTION 
Long-stem forages have traditionally been included in step-up diets of feedlot cattle to 
reduce the risk of acidosis. Long-stem forages can decrease operational efficiency due to the 
difficulty in storage, processing, milling, and sorting of rations. Additionally, forages are 
expensive per unit of energy compared with concentrates and regional forage markets are more 
volatile and susceptible to droughts (Bartle et. Al., 1994). Forages are typically high in rumen 
degradable protein (National Academies of Sciences and Medicine, 2016) and may exceed 
ruminal protein requirements (Canfield, 1990) 
Coproducts, such as corn gluten feed, have been successfully used in lieu of forage to 
transition cattle to finishing diets (Huls et al., 2016). Corn gluten feed is a coproduct from the 
wet milling process during the purification of starch from field grains (Tjardes, 2002). Another 
coproduct, distillers grains plus solubles (DGS), is derived from the dry milling process for 
alcohol production. The feedlot industry has utilized DGS extensively in finishing diets to 
increase rumen ungradable protein and energy while reducing starch inclusion. 
In feedlots, step-up diets are commonly used to allow the microbial population in the 




from 2 to 6 with each step lasting from 5 to 8 d (Samuelson et al., 2016). Having fewer step-up 
diets will reduce the number of dietary changes, but will conversely increase the magnitude of 
each change and the corresponding effect on the microbial populations. Limited research has 
been conducted to determine the long-term effects coproducts have when utilized in the 
adaptation diets of feedlot cattle. The objective of this trial was to determine the interaction of 
replacing forage with coproducts and the number of step-up diets when adapting feedlot cattle to 
a finishing diet on performance, rumen microbiome, and feeding behavior. 
MATERIALS AND METHODS 
All experimental procedures were approved by the Institutional Animal Care and Use 
Committee of the University of Illinois (IACUC #15008) and followed the guidelines 
recommended in the Guide for the Care and Use of Agricultural Animal in Agricultural Research 
and Teaching (FASS, 2010). 
Simmental × Angus and Angus steers (N = 140) were blocked by initial BW (237 ± 28 
kg) into 2 groups and allotted to 20 pens with 7 steers per pen. Pens (4.88 × 9.76 m) had concrete 
slats covered with rubber mats. After weaning, steers were shipped from two locations to the 
Beef and Sheep Field Research Laboratory in Urbana, Illinoiswhere they received a common diet 
(50% grass hay, 40% modified wet distillers grains, and 10% ground corn-based supplement on a 
dry matter basis) for the first 9 d. Pens were randomly assigned to 1 of 2 dietary treatments 
(Table 2.1): 1) decreasing coproduct inclusion (CO; soybean hulls and modified wet distillers 
grains) while increasing dry-rolled corn inclusion, or 2) decreasing forage inclusion (FO; alfalfa 
and grass hay) while increasing dry-rolled corn inclusion over 36 d. During adaptation phase, 
pens were stepped up with either 2 (2S) or 5 (5S) step up diets in a 2 × 2 factorial design. Steers 




All steers were fed in concrete bunks for the first 70 d, then switched to GrowSafe 
(GrowSafe Systems Ltd., Airdrie, AB, Canada) bunks for determination of individual feed intake 
and feeding behavior. Data was removed on individual days if less than 85% of the consumed 
feed was assigned to steers or if the bunk was empty for more than 12 hr. Meal criterion and 
meal analysis for each animal was determined using the Meal Criterion Calculator software 
version 1.7.6842.28667 (MCC; http://nutritionmodels.tamu.edu, verified 2 November, 2018). 
Steers were weighed on consecutive days upon arrival, at the end of the transition period 
and before slaughter. Individual weigh dates occurred at 35 d intervals throughout the finishing 
period. All BW were taken before feeding using a Flying W squeeze chute (Flying W Livestock, 
Watonga, OK) equipped with a Tru-Test (Tru-Test Inc., Mineral Wells, TX) weighing system. 
Dietary net energy for maintenance (NEm) and net energy for gain (NEg) were calculated via 
quadratic solution described by Vasconcelos and Galyean (2008) based on BW, ADG, and DMI.
 Feed ingredient samples were collected weekly for the transition period, then collected 
biweekly for the remainder of the trial. Equal portions of each ingredient in each period were 
composited. Composite samples were dried and ground through a Wiley mill (1-mm screen, 
Arthur H. Thomas, Philadelphia, PA). Ingredients were analyzed for dry matter (DM; 24 h at 
103 C), neutral detergent fiber (NDF) and acid detergent fiber (ADF; using Ankom Technology 
method 5 and 6, respectively; Ankom200 Fiber Analyzer, Ankom Technology), crude protein 
(CP; Leco TruMac, LECO Corporation, St. Joseph, MI), ether extract (EE, Ankom method 2; 
Ankom Technology), and ash (600 °C for 2 h; Thermolyte muffle oven Model F30420C; 
Thermo Scientific, Waltham, MA). 
Steers were implanted on d 0 with a component TE-IS implant (80 mg trenbolone acetate, 




trenbolone acetate, 24 mg estradiol, 29 mg tylosin; Elanco). On d 195, steers were transported 
approximately 300 km to a commercial abattoir and were humanely slaughtered approximately 
12 h after delivery under USDA inspection. Hot carcass weight (HCW) was recorded 
immediately postharvest. Individual camera carcass data were provided by tyson Foods Inc. for 
determination of yield and quality grades. 
Rumen fluid was collected on d 35, 36 and d 70 via stomach tube from a random subset 
of 6 steers per treatment prior to feeding. Half of the steers were collected on d 35 and 36 to 
reduce sampling time relative to feeding. Rumen fluid was snap frozen in liquid N for 
microbiome analysis. Microbial DNA was extracted from rumen fluid by using a modified 
QIAamp kit (Qiagen, Venlo, Netherlands) extraction method described in detail by Yu and 
Forster (2005). This protocol was adapted to use 0.3g of 0.5mm and 0.1g of 1.0mm zirconia 
beads. Concentration and purity were evaluated using a Nanodrop 1000 (Fisher Scientific, 
Waltham MA). Length and quality of DNA was evaluated by electrophoresis using a 0.7% 
agarose gel.  
The V3 through V4 region of the 16S rRNA gene was amplified with F357/R805 primers 
using the Fluidigm Access Array (Fluidigm Corp, South San Francisco, CA) and sequenced on 
the MiSeq platform (2 × 300 bp; Illumina, San Diego, CA) at the University of Illinois, W. M. 
Keck Center for Biotechnology. Adapters were removed using Trimmomatic 0.36 (Bolger et al., 
2014) and reads were imported into QIIME2 2018.8 (Caporaso et al., 2010) to be demultiplexed, 
denoised, and truncated using DADA2 (Callahan et al., 2016). Reads were assembled into 
unique sequence variants. A rooted phylogenetic tree was created through de novo multiple 
sequence alignment using MAFFT (Katoh and Standley, 2013) and FastTree-2 (Price et al., 




richness, alpha and beta diversity were determined. Alpha diversity metrics included Shannon 
(Shannon and Weaver, 1949) and Faith’s phylogentetic distance (Faith, 1992). Richness was 
measured using Chao1 index (Chao, 1984) and observed operational taxonomic units (OTU). 
Beta diversity was estimated using the Bray-Curtis metric (Beals, 1984) and visualized in a 
principal coordinate analysis using Emperor (Vázquez-Baeza et al., 2013). Taxonomies were 
assigned to sequence variants using the Naïve Bayes classifier trained (Bokulich et al., 2018) on 
the SILVA 132 full length 16S rRNAdatabase (Quast et al., 2013). Taxonomic assignment of 
sequence variants were collapsed for further statistical analysis. Overall, 1,048,965 V3-V4 reads 
contained a total of 4,008 unique sequence variants with each sample containing on average 
21,853 reads.  
The MIXED procedure of SAS 9.4 (SAS Inst. Inc., Cary, NC) was used for all statistical 
analysis. A 2 × 2 factorial design was used with pen considered the experimental unit for all 
analysis. All analysis utilized the random statement with treatments nested within pen. In 
addition, all analysis included diet, step, and block as fixed effects. The most appropriate 
expected progeny differences (EPD) estimate when available was used as a covariate in the fixed 
effects to help account for inherent genetic differences. If no EPD was appropriate, sire was 
included as a covariate. Head down duration data was transformed using the boxcox procedure to 
ensure normality of the residuals. Outliers for non-feeding interval duration were removed using 
Cooks D test. 
Bacterial relative abundance data were transformed if necessary using the logit or boxcox 
transformation to ensure normality of residuals prior to analysis in the MIXED procedure. Least 




data were analyzed using the previously described model. Significance was declared at P ≤ 0.05 
and tendencies were noted at 0.05 < P ≤ 0.10.  
 
RESULTS AND DISCUSSION 
During the first 36 d, CO steers had increased (P = 0.02) ADG compared with steers fed 
FO (Table 2.2) resulting in a greater (P = 0.01) BW (Table 2.3). The greater BW was likely the 
cause for increased (P = 0.05) DMI (Table 2.4) during the first 36 d for the CO steers compared 
with FO steers. During the first 7 d, a diet × step interaction (P = 0.01) was observed; CO 2S 
steers ate 3.6% more (P = 0.01) per d than CO/5S with both FO groups intermediate and not 
different during wk 1. Modified wet distillers grains are highly palatable and likely drove CO/2S 
to eat the most because they were in the highest inclusion among all treatments during wk 1. 
During wk 3, there was a tendency for greater DMI for steers fed CO (P = 0.09) and by wk 4, 
CO steers consumed more (P = 0.01) than FO steers. The increased BW for CO steers likely 
allowed for greater DMI during wk 3 and 4. Due to greater ADG and a moderate increase in 
DMI, a tendency was observed for CO-fed steers to have increased (P = 0.10) gain:feed (G:F; 
Table 2.5) during the adaptation period.  
In a similar trial, Huls et al. (2016) reported Sweet Bran, a corn gluten feed product, 
substituted for alfalfa during the adaptation period increased BW, ADG, and G:F during the 
initial 84 d. The authors attributed the performance increases to greater energy in the Sweet Bran 
adaptation diet. Huls et al. (2016) noted that during the second wk of adaptation, forage-adapted 
steers had increased DMI. Average DMI as a percent of BW was similar to DMI reported in Huls 
et al. (2016). There were no differences observed for the number of steps or the interaction 




From d 0 to 70, ADG continued to be greater (P < 0.01) for CO fed steers with a 
tendency to be greater (P = 0.06) from d 36 to 70. The continued increase in ADG resulted in 
greater (P < 0.01) BW for the CO group (394 kg) compared with the FO group (383 kg). From d 
36 to 70, all steers were fed the same ration and no compensatory gain was observed for the FO 
group. Buttrey et al. (2012) described similar results of sustained increases in ADG through d 84 
when steers were adapted using wet corn gluten feed compared with alfalfa hay. These cattle 
were of similar BW but adapted over a shorter period of time. Again at d 70, no differences were 
observed in BW, DMI, or ADG for number of steps or diet × step interaction. The lack of 
differences based on number of steps may be due to the relatively long adaptation period. 
At the end of the finishing period, CO steers still had a greater (P = 0.04) overall ADG 
and BW compared with FO steers. No differences (P ≥ 0.57) in DMI were observed during the 
finishing period for diet, step, or diet × step interaction. Feed conversion was not different (P ≥ 
0.22) for diet, step, or diet × step interaction during the finishing period. The greater overall 
ADG and BW for CO steers can be attributed to the first 36 d with a tendency to separate further 
by d 70 and was then maintained through the finishing period. Calculated dietary NEm and NEg 
was not different between diets or steps during the first 35 d or overall. This is not surprising 
because NEm and NEg calculations are less sensitive than ADG and G:F (Vasconcelos and 
Galyean, 2008). 
The adaptation period is important for cattle to learn how to effectively consume a high-
energy diet (Huls et al., 2016). Feeding behavior during the finishing phase can indicate if 
treatment affected the long term consumption patterns of a high concentrate diet. During the 
feeding trial, the only effect observed for the number of adaptation steps was in feeding behavior 




than all other treatments (P = 0.07). A tendency (P = 0.06) for a diet × step interaction was 
observed for CO/5S steers to have the greatest head down time. In a trial by Schwartzkopf-
Genswein et al. (2011), they observed cattle with high ADG visited the feed bunk less frequently 
than cattle with moderate or low ADG.   Feeding behavior differences were observed while 
steers were fed a common diet in GrowSafe bunks. These differences could be attributed to the 
eating patterns learned during the adaptation period due to cattle being reluctant to switch a 
learned behavior (Grandin et al., 1994).  
The greater final BW for CO steers resulted in steers fed CO diets having increased (P 
=0.05) hot carcass weight (Table 2.6) compared with those fed FO diets. There was no effect (P 
≥ 0.25) of diet on yield grade, 12th rib fat thickness, longissimus muscle area, marbling, or 
kidney pelvic and heart fat. Steers fed 2S diets had increased (P ≤ 0.02) back fat and yield grades 
with smaller (P = 0.02) longissimus muscle area. Baldwin et al. (2007) indicated that greater 
levels of metabolizable energy increased subcutaneous fat deposition and starch increased 
acetate incorporation into fat depots. The effects due to number of step-up diets on carcass 
characteristics are difficult to explain when no performance differences were observed. Although 
average energy provided was similar over the initial 36 d, cattle transitioned over 2 steps had 
increased metabolizable energy intake during wk 1 and wk 4 that may have increased 
subcutaneous lipogenesis. The effect on carcass traits are similar to Huls et al. (2016) where 
HCW was greater for Sweet Bran cattle and no differences in any other carcass trait. 
The ruminal microbiome was evaluated to determine the effect of treatment to adapt the 
bacterial community to the finishing diet by d 70. Bray-Curtis similarity indicated differences 
between diets and sample collection day, but only accounted for 25% of the variation within the 




diversity measure of alpha diversity, the diversity within a sample (Table 2.7). Specifically, the 
greatest alpha diversity was observed in steers fed FO 2S on d 36 using the Shannon index and 
Faith phylogenetic distance diversity metrics. On d 36, steers fed FO/2S had the greatest 
inclusion of forage in the diet. The greater alpha diversity in FO/2S fed steers is similar to 
previous research indicating diets with greater forage inclusion have greater diversity compared 
with higher grain diets (Fernando et al., 2010). Anderson et al. (2016) also indicated that alpha 
diversity decreased over the adaptation from a forage diet to a finishing diet. By d 70, all 
treatments were on the finishing diet for 36 d and were similar in alpha diversity suggesting that 
prior differences in bacterial community structure were minimized over time. Richness results 
using observed operational taxonomic unit (OTU) and Chao1 index supported the observed 
changes in alpha diversity.  
Firmicutes and Bacteroidetes were the most abundant phyla and represented 89% of 
sequences which was consistent with previous findings (Anderson et al., 2016; McCann et. al., 
2017). Although relative abundance of Firmicutes was not affected (P ≥ 0.17) by treatment, 
Bactoridetes was greater (P = 0.03) for steers fed 2 step-up diets compared with those fed 5 step-
up diets (Table 9). Similarly at the family level, Prevotellaceae had the greatest relative 
abundance and tended to be greater (P = 0.07) in 2S steers compared with 5S steers. 
Prevotellacae are involved in the digestion of diverse types of substrates and can be more 
abundant when greater concentrations of forage are in the diet (Jami et al., 2013). A diet × step × 
day interaction (P ≤ 0.04) was observed for Actinobacteria and family Atopobiaceae with the 
greatest (P ≤ 0.04) relative abundance in FO/5S on d 35 and CO/5S on d 70. In the rumen, a role 
of bacteria in the family Atopobiaceae is to degrade starch (Anderson et al., 2000). A greater (P 




FO/2S steers on d 36. Additionally all groups had greater (P < 0.01) levels of Lactobacillaceae 
on d 36 compared with d 70. Lactobacillaceae is more tolerant to lower pH and a greater 
prevalence may indicate ruminal acidosis (Petri et al., 2014). Decreased ruminal pH to the levels 
of subacute acidosis is common when dietary changes are being made. Overall, the absence of 
large differences between the rumen microbiome at d 35 and d 70 indicated that the rumen 
bacterial community was well adapted to the finishing diet by d 35.  
In conclusion, these results indicate that modified wet distillers grains plus solubles and 
soybean hulls can replace most of the forage in adaptation diets. Steers adapted with coproduct-
based diets had greater growth performance without a difference in carcass characteristics. The 
number of steps utilized during the adaptation period did not affect performance in this trial. 
Analysis of the rumen bacteria community indicated all treatments were well adapted to the 
finishing diets by d 35. These results suggest a combination of coproducts can be fed during the 







TABLES AND FIGURE 
Table 2.1: Diets composition and proximate analysis.    
 Forage Transition Steps  Coproduct Transition Steps   
Item 1 2 3 4 5  1 2 3 4 5  Finish 
Ingredient inclusion, % dry matter 
  Dry-rolled corn 15 23 31 39 47  15 23 31 39 47  55 
  Chopped grass hay 18 14 11 7 3  - - - - -  - 
  Chopped alfalfa ay 22 18 13 9 5  - - - - -  - 
  Soybean hulls - - - - -  30 24 18 12 6  - 
  MWDGS1 20 20 20 20 20  30 28 26 24 22  20 
  Corn Silage 15 15 15 15 15  15 15 15 15 15  15 
  Supplement2              
      Ground corn 8.20 8.20 7.59 7.79 7.39  7.39 7.39 7.39 7.39 7.39  7.44 
      Limestone 0.93 0.93 1.54 1.34 1.75  1.75 1.75 1.75 1.75 1.75  1.71 
      Urea 0.67 0.67 0.66 0.66 0.66  0.66 0.66 0.66 0.66 0.66  0.65 
      Trace mineral premix3 0.101 0.101 0.100 0.100 0.100  0.100 0.100 0.100 0.100 0.100  0.098 
      Rumensin 90 0.017 0.017 0.017 0.017 0.017  0.017 0.017 0.017 0.017 0.017  0.017 
      Tylosin4 0.011 0.011 0.011 0.011 0.011  0.011 0.011 0.011 0.011 0.011  0.011 
      Fat 0.083 0.083 0.083 0.083 0.082  0.082 0.082 0.082 0.082 0.082  0.081 
Chemical Analysis, % dry matter 
   Dry matter 70.0 70.0 70.0 69.9 69.8  67.2 67.7 68.3 68.8 69.3  71.0 
   Organic matter 93.7 94.3 94.8 95.3 95.8  94.9 95.2 95.5 95.7 96.0  95.4 
   Crude protein 15.8 15.4 14.8 14.4 14.0  16.4 15.8 15.2 14.6 14.1  13.3 
   Neutral detergent fiber 35.9 32.0 28.4 24.6 20.8  36.5 32.7 28.8 24.9 21.0  23.7 
   Acid detergent fiber 19.2 16.6 14.2 11.7 9.1  21.3 18.4 15.5 12.6 9.6  10.2 
   Ether extract 3.5 3.6 3.8 3.9 4.0  4.1 4.1 4.1 4.1 4.1  3.7 
1 Modified wet distillers grains plus solubles 
2 Premix added at 10% of dry matter  
3 8.5% Ca, 5% Mg, 7.6% K, 6.7% Cl, 10% S, 0.5% Cu , 2% Fe , 3% Mn , 3% Zn, 278 ppm Co, 250 ppm I, 150 Se, 2,205 KIU/kg 
Vit A, 662.5 KIU/kg Vit D, 22,047.5 IU/kg Vit E 




Table 2.2: Effect of coproduct or forage based adaptation diets and adaptation management on  
average daily gain  
 Treatment1  P -value 
ADG3, kg CO/2S CO/5S FO/2S FO/5S SE Diet Step D × S2 
d 0 – 36 2.36 2.23 2.10 2.14 0.14 0.02 0.47 0.18 
d 37 – 70 2.10 2.12 2.00 1.94 0.15 0.06 0.78 0.59 
d 70 – 105  1.93 1.78 1.93 1.95 0.25 0.46 0.55 0.44 
d 105 – 140  2.18 2.15 2.14 2.19 0.21 0.99 0.91 0.68 
d 140 – 195  1.80 1.76 1.71 1.70 0.14 0.24 0.67 0.86 
d 0 – 70  2.27 2.20 2.08 2.08 0.08 <0.01 0.43 0.42 
d 36 – 195  1.99 1.91 1.91 1.92 0.07 0.27 0.31 0.18 
d 0 – 195  2.05 1.96 1.94 1.95 0.06 0.04 0.22 0.06 
1  CO = Coproduct-based adaptation diet; FO = Forage-based adaptation diet; 2S = 2 step 
adaptation management; 5S = 5 step adaptation management 
2 Diet × step interaction 
















Table 2.3:  Effect of coproduct or forage based adaptation diets and adaptation management 
on body weight (BW) 
 Treatment1  P -value 
BW, kg CO/2S CO/5S FO/2S FO/5S SE Diet Step D × S2 
d 0 235 236 240 238 3.0 0.26 0.92 0.72 
d 36 322 317 313 314 2.2 0.01 0.46 0.21 
d 70 396 392 383 383 2.7 <0.01 0.44 0.56 
d 105 463 452 449 451 4.2 0.08 0.33 0.16 
d 140 539 528 524 527 4.8 0.12 0.43 0.15 
d 195 643 627 622 624 5.4 0.04 0.21 0.11 
1  CO = Coproduct-based adaptation diet; FO = Forage-based adaptation diet; 2S = 2 step 
adaptation management; 5S = 5 step adaptation management 
















Table 2.4:   Effect of coproduct or forage based adaptation diets and adaptation management 
on dry matter intake calculated net energy values and gain:feed 
 Treatment1  P-value 
 CO/2S CO/5S FO/2S FO/5S SE Diet Step D × S2 
DMI3, kg 
  d 0 – 7 5.53 5.34 5.36 5.50 0.06 0.94 0.66 0.01 
  d 8 – 14 6.55 6.43 6.17 6.35 0.16 0.17 0.86 0.35 
  d 15 – 21 6.92 6.83 6.52 6.49 0.21 0.09 0.79 0.89 
  d 22 – 28 7.81 7.79 7.42 7.39 0.14 0.01 0.83 0.98 
  d 29 – 36 8.59 8.16 8.10 8.15 0.17 0.16 0.28 0.18 
  d 0 – 36 7.12 6.95 6.75 6.81 0.11 0.05 0.61 0.31 
  d 37 – 195 10.74 10.99 10.83 10.98 0.35 0.92 0.57 0.88 
Dietary net energy4, Mcal/kg 
   NEm d 0 – 36  3.12 3.08 3.06 3.03 0.06 0.29 0.54 0.98 
   NEg d 0 – 36 2.31 2.28 2.26 2.23 0.52 0.29 0.54 0.98 
   NEm d 36 – 195  2.07 2.02 2.03 2.02 0.03 0.51 0.33 0.54 
   NEg d 36 – 195  1.40 1.36 1.37 1.36 0.03 0.51 0.33 0.54 
Gain:feed, kg 
  d 0 – 35 0.32 0.33 0.32 0.31 0.007 0.10 0.73 0.19 
  d 35 – 195 0.20 0.18 0.18 0.18 0.008 0.22 0.17 0.22 
1  CO = Coproduct-based adaptation diet; FO = Forage-based adaptation diet; 2S = 2 step 
adaptation management; 5S = 5 step adaptation management 
2 Diet × step interaction 
3 Dry matter intake 
4NEm = Dietary net energy for maintenance; NEg = Dietary net energy for gain; values 












Table 2.5: Effect of coproduct or forage based adaptation diets and adaptation management on feeding behavior traits and the 
variability of each feeding behavior trait 
 Treatment1  P-value 
Item2 CO/2S CO/5S FO/2S FO/5S SE Diet Step D × S3 
Feeding behavior traits 
   BV frequency, visit/d 25.7 30.2 30.9 27.6 2.1 0.53 0.77 0.07 
   NFI duration, min/d 1356 1361 1359 1362 3.3 0.97 0.92 0.39 
   Head down, min/d 29.4 35.9 32.1 28.7  0.39 0.54 0.06 
1 CO = Coproduct-based adaptation diet; FO = Forage-based adaptation diet; 2S = 2 step adaptation management; 5S = 5 step 
adaptation management 
2 BV frequency = number of BV recorded each day; BV duration = sum of the length of all BV events recorded each day; Non 
feeding interval (NFI) duration = sum of all non-feeding intervals in a day; Head down = number of electronic radio frequency 
identification (RFID) reads each day multiplied by the scan rate of the GrowSafe System (GrowSafe Systems Ltd., Airdrie, AB, 
Canada) 







Table 2.6:  Effect of adaptation diet and management on carcass characteristics 
 Treatments1  P-values 
Item2 CO/2S CO/5S FO/2S FO/5S SE Diet Step D × S3 
HCW, kg 395 386 385 380 4.18 0.05 0.09 0.63 
Calculated YG 3.54 3.20 3.47 3.15 0.13 0.64 0.01 0.92 
BF, cm 1.47 1.66 1.50 1.60 1.44 0.38 0.02 0.95 
LM area, cm2 89.05 91.74 87.54 90.29 1.23 0.20 0.02 0.98 
Marbling 557 549 557 550 14 0.95 0.62 0.99 
KPH fat, % 2.06 2.06 2.07 2.08 0.03 0.59 0.81 0.82 
1 CO = Coproduct-based adaptation diet; FO = Forage-based adaptation diet; 2S = 2 step 
adaptation management; 5S = 5 step adaptation management 
2 HCW = Hot carcass weight; Calculated YG = USDA calculated yield grade calculated as 2.5 
+ (0.98425 × 12th rib fat, cm) + (0.2 × KPH, %) + (0.00837 × HCW, kg) – (0.0496 × LM area, 
cm2) (formula derived from USDA, 1997); BF = Back fat thickness over the 12th rib; Lm area 
= surface area of the longissimus muscle; Marbling = measurement of intramuscular fat (100-
199 = Practically devoid; 200-299 = Trace; 300-399 = Slight; 400-499 = Small; 500-599 = 
Modest; 600-699 = Moderate; 700-799 = Slightly abundant; 800-899 = Moderately abundant; 
≥ 900 = Abundant); KPH = kidney pelvic and heart fat as % of HCW 














Table 2.7: Effect of coproduct or forage based adaptation diets and adaptation management on rumen alpha diversity 
 Treatment1,2  
 CO/2S  CO/5S  FO/2S  FO/5S  
Item d 35 d 70  d 35 d 70  d 35 d 70  d 35 d 70 P-value3 
Shannon4 5.69b 6.33ab  5.76b 6.37ab  7.08a 6.10b  5.56b 5.97b §§,¶,# 
Faith PD5 42.61bc 44.98abc  49.23ab 45.82abc  52.71a 47.83abc  40.18c 49.51ab ## 
Chao16 202.82bc 261.07bc  239.65bc 281.31abc  370.75a 296.41abc  208.12c 286.62ab *,++,¶,## 
OUT 197.78bc 256.03bc  232.71bc 270.46bc  361.12a 286.97bc  202.46c 277.56ab †,## 
1 CO = Coproduct-based adaptation diet; FO = Forage-based adaptation diet; 2S = 2 step adaptation management; 5S = 5 step 
adaptation management 
2 Means in row with unlike superscripts differ (P < 0.05) 
3 Symbols denoting P-value: §§ = diet × day interaction  P ≤ 0.05; ¶ = step × day interaction 0.05 < P ≤ 0.10; # = diet × step × day 
interaction 0.05 < P ≤ 0.10; ## = diet × step × day interaction P ≤ 0.05; * = diet effect  0.05 < P ≤ 0.05; ++ = diet × step interaction P 
≤ 0.05; † = step effect  0.05 < P ≤ 0.05;  NS P > 0.10 for all treatments 
4 Shannon index as calculated with method described by Shannon and Weaver (1949) 
5 Faith index calculated with method described by Faith (1992)  

















Table 2.8: Effect of coproduct or forage based adaptation diets and adaptation management on rumen bacterial taxa during d 35 and 
70  
 Treatment1  
 CO/2S  CO/5S  FO/2S  FO/5S  
Item d 35 d 70  d 35 d 70  d 35 d 70  d 35 d 70 P-value2 
Phyla of bacteria, % of ruminal population 
  Firmicutes 45.24 47.89  49.18 48.44  41.72 42.14  51.16 58.64 NS 
  Bacteroidetes 42.07ab 45.92ab  37.71ab 39.11ab  48.47a 52.11a  34.42ab 28.81b †† 
  Proteobacteria 0.03 0.02  0.04 0.04  0.02 0.01  0.02 0.02 NS 
  Actinobacteria 3.28ab 2.84ab  3.51ab 5.01a  0.80b 2.88ab  7.29a 4.26ab †,## 
Family of Bacteria, % of ruminal population 
  Prevotellaceae 27.46ab 26.60abc  27.95a 23.84abc  27.69ab 27.52ab  16.69c 17.18bc † 
  Lachnospiraceae 21.42 19.75  22.64 18.12  14.20 13.77  23.54 27.72 NS 
  Ruminococcaceae 14.09 17.53  13.57 18.44  20.25 24.83  11.93 14.38 NS 
  Bacteroidales 12.47 13.65  8.00 11.15  9.32 15.48  14.49 8.69 NS 
  Succinivibrionaceae 2.89 1.08  3.49 2.37  2.37 0.40  1.03 2.13 NS 
  Atopobiaceae 2.83ab 2.12b  3.06ab 4.32ab  0.50b 2.36b  7.05a 3.69b †,## 
  Veillonellaceae 0.005 0.021  0.004 0.008  0.004 0.001  0.016 0.018 NS 
  Rikenellaceae 0.012 0.017  0.013 0.014  0.022 0.013  0.009 0.009 NS 
  Muribaculaceae 0.003b 0.008ab  0.004ab 0.011ab  0.022a 0.010ab  0.008ab 0.006ab §§ 
  Lactobacillaceae 1.37ab 0.56bc  0.96abc 0.40bc  0.38bc 0.16c  3.92a 0.68bc ++,¥¥ 
  Acidaminococcaceae 0.07b 0.61ab  0.37ab 1.99a  2.10a 0.43ab  0.92ab 1.14ab §§ 
  Christensenellaceae 0.0002c 0.0087ab  0.0003bc 0.0013abc  0.0812a 0.0083bc  0.0001bc 0.0007abc ¥¥,§§,## 
  Erysipelotrichaceae 1.30 0.58  0.95 0.69  0.99 0.88  1.82 1.27 NS 
  Methanobacteriaceae 0.36 0.64  0.54 0.16  0.80 0.53  0.65 0.40 NS 
1 CO = Coproduct-based adaptation diet; FO = Forage-based adaptation diet; 2S = 2 step adaptation management; 5S = 5 step 
adaptation management 
2 Symbols denoting P-value: †† = step effect P ≤ 0.05; † = step effect  0.05 < P ≤ 0.05; ## = diet × step × day interaction P ≤ 0.05; §§ 
















Figure 2.1: Effect of coproduct or forage based adaptation diets and adaptation 
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THE EFFECT CORN TYPE AND TYLOSIN USE ON PERFORMANCE AND LIVER 
FUNCTION IN FEEDLOT HEIFERS 
ABSTRACT 
The objective was to compare the effect of corn type and tylosin on heifer growth performance, 
liver function, and carcass characteristics. Angus and Angus × Simmental heifers (N = 120; 188 
± 2.6 kg) were blocked by initial body weight (BW) and alloted to 8 pens. Pens were randomly 
assigned to either be fed tylosin (T+) or no tylosin (T-) on d 0. Heifers were adapted to the 
finishing diets utilizing a common adaptation proccess over 35 d. On d 36, pens were then 
assigned to a high moisture corn-based diet (HMC) or a dry-rolled corn-based diet (DRC). The 
treatments were arranged in a 2 × 2 factorial design. Body weight was recorded and blood was 
collected on d 0, 35, and approximately every 28 d following. Rumen fluid and fecal grab 
samples were collected on a subset (n = 48) every 56 d. Treatment did not affect (P ≥ 0.14) BW 
throughout the trial. Overall, average daily gain did not differ between treatments (P ≥ 0.65). In 
addition, no differences (P ≥ 0.21) were observed in overall dry matter intake when heifers were 
fed in concrete bunks (d 0- 139) or the GrowSafe System (d 140 – 252). On d 252, HMC heifers 
had greater (P = 0.03) ruminal pH compaired to DRC. Heifers fed DRC T- had the greatest (P = 
0.01) blood urea nitrogen concentrations of all treatments. Aspertate aminotransferase was 
greater in T+ heifers compared with T- (P < 0.01). A diet × tylosin × time interaction indicated 
that cholesterol was lowest (P ≤ 0.04) for HMC T+ heifers on d 175 and lower (P ≤ 0.01) than 
HMC T- and DRC T- on d 211. Heifers fed HMC had a larger (P = 0.04) longisimis muscle area 




Although corn type and tylosin did not affect growth performance, corn type affected ruminal pH 
and blood markers of liver function. ,. 
INTRODUCTION 
Liver abscess incidence in the United States has increased since 2000 across all cattle 
breeds (Eastwood et al., 2017). Liver abscesses have a significant economic impact by reducing 
feed efficiency when they become severe (Brink et al., 1990). Brown and Lawrence (2010) 
reported that losses from liver abscesses in beef processing facilities exceed $7 million annually 
with carcass trimming, slower chain speeds, and condemned livers and viscera. 
Liver abscesses have been associated with ruminal acidosis in beef cattle (Nagaraja and 
Lechtenberg, 2007). Acidosis can deteriorate cellular tight junctions to increase permeability and 
bacterial translocation (Steele et al., 2011). Fusobacterium necrophorum, a gram-negative 
bacteria, is the most prevalent organism associated with liver abscesses (Langworth, 1977). Loss 
of epithelial barrier function in the rumen allows F. necrophorum access into portal circulation 
and transport to the liver. 
Although acidosis is most commonly related to rumen fermentation, the hindgut can 
account for up to 11.7% of the total tract starch digestion in cattle (Gressley et al., 2011). 
Different corn processing methods can alter the amount of starch digested in the hindgut of 
steers. Owens et al. (1986) indicated that 1% of the starch from high moisture corn and 8.2% of 
the starch from dry-rolled corn was digested in the hindgut. Acidosis induced in the hindgut of 
cattle, by infusing starch, has been shown to induce similar physiological responses as ruminal 
acidosis (Zust et al., 2000). Permeability of the hindgut epithelium has also been shown to 




epithelium and a lower buffering capacity (Gressley et al., 2011) allowing acidosis to occur at a 
greater pH.  
Currently, more than 80% of feedlots are feeding additives to manage liver abscesses 
(Samuelson et al., 2016). Tylosin, a broad spectrum macrolide class antibiotic, is a common 
additive used to prevent liver abscesses by reducing F. necrophorum (Nagaraja and Chengappa, 
1998). Although tylosin is effective at reducing F. necrophorum in the rumen, it has a short half-
life and is easily digested and absorbed resulting in low concentrations in the feces (De Liguoro 
et al., 2003). The limited amount of tylosin in the hindgut would allow for more robust 
populations of F. necrophorum that could be transferred into portal circulation in the event of 
acidosis. 
The objective was to compare the effect of corn type and tylosin on heifer growth 
performance, liver function, and carcass characteristics. The hypothesis was decreased liver 
function would be observed when more starch is available for fermentation in the hindgut from 
dry rolled corn when tylosin is not present in the diet. 
MATERIALS AND METHODS 
All experimental procedures were approved by the Institutional Animal Care and Use 
Committee of the University of Illinois (IACUC #17084) and followed the guidelines 
recommended in the Guide for the Care and Use of Agricultural Animal in Agricultural Research 
and Teaching (FASS, 2010). 
One hundred twenty Angus and Angus × Simmental heifers (188 ± 2.6 kg) were utilized 
in a 2 × 2 factorial design. This experiment was conducted at the University of Illinois Beef 




slatted concrete floors covered by interlocking rubber matting. Pens were constructed of 5.08 cm 
galvanized steel tubing and were 4.88 × 9.76 m in dimension. Heifers were blocked by initial 
body weight (BW) into 2 groups and allotted to 8 pens stratifying by BW and sire. Pens were 
randomly assigned to either be fed tylosin phosphate (T+; Tylan, Elanco Animal Health, 
Greenfield, IN) or not be fed tylosin phosphate (T-) on d 0. Heifers were then adapted to a 
finishing diet (Table 3.1) over 35 d. After adaptation on d 35, one of two dietary treatments were 
applied: 1) dry-rolled corn and whole shell corn (DRC) or 2) high moisture corn (HMC). The 
dietary treatments were designed to target differing levels of starch fermentation in the hindgut. 
High moisture corn, dry-rolled corn, and whole corn have approximately 86, 71.8, and 58.9% of 
the starch digested in the rumen (Owens et al., 1986) allowing more of the starch from dry-rolled 
and whole corn to be available for fermentation in the hindgut. The treatment diets were fed from 
d 35 to d 252. Starting on d 164, heifers were supplemented melengestrol acetate (MGA 200, 
Zoetis, Parsippany, NJ) at a rate to meet or exceed 0.25mg per heifer per d to suppress estrus. 
Heifers were weighed prior to feeding on consecutive d at arrival and at the end of the trial to 
account for fill differences. Intermediate BW were collected at approximately every 28 d after d 
35. 
Blood was collected via jugular venipuncture at each weigh date for Plasma (K2 EDTA, 
REF 366643, BD Vacutainer, Franklin Lakes, NJ) and serum (Serum, REF 368045, BD 
Vacutainer, Franklin Lakes, NJ) in Vacutainer tubes. Blood was transported on ice and was spun 
at 2520 × G for 15 minutes. Equal portions from each heifer in each pen was composited.  
Rumen fluid, collected via a stomach tube, and fecal grab samples were collected on a random 
subsample of 12 heifers per treatment combination every 56 d starting on d 35. Collections were 




The pH was recorded for rumen samples and fecal samples utilizing a Fisher Scientific accumet 
probe (Fisher Scientific, Hampton, NH). For fecal pH determination, 10 g of feces and 10 ml of 
distilled water were mixed. Samples for fecal starch were freeze-dried and ground through a 1 
mm screen with a Wiley mill (1-mm screen, Arthur H. Thomas, Philadelphia, PA). 
Fecal starch determination was done by enzymatic colorimetric method (Hall, 2015) at 
Dairy Land Laboratories Inc. (Arcadia, WI). Alkaline phosphate (APT), aspartate 
aminotransferase (AST), gamma-glutamyltransferase (GGT), total bilirubin, glutamate 
dehydrogenase (GLDH), triglyceride, albumin, total cholesterol, and blood urea nitrogen were 
analyzed in a Beckman Coulter AU680 Chemistry Analyzer (Beckman Coulter, Brea, California) 
at the University of Illinois Veterinary Clinical Pathology Lab. Plasma Glucose concentrations 
were determined using the Glucose LiquiColor Procedure (No. 1070; Stanbio Laboratory, 
Boerne, TX; intra-assay CV = 2.03 and inter-assay CV = 1.60).  
Heifers were slick bunk managed in concrete bunks for the first 139 d. Slick bunk 
management was defined as providing enough feed that cattle were finishing the previous d feed 
immediately prior to the time new feed was delivered (Pritchard and Bruns, 2003). Feed intakes 
were calculated using feed delivery reports and averaged for all animals in each pen. On d 140 
until d 252 heifers were fed using GrowSafe (GrowSafe Systems Ltd., Airdrie, AB, Canada) 
bunks for determination of individual feed intake.  
Feed intake data was acquired through the GrowSafe system. Feed intake was measured 
for each heifer utilizing 2 feeding units per pen. Days for pens with less than 85% of the feed 





Feed ingredient samples were collected weekly during the adaptation period and every 2 
wk during the finishing period for nutrient analysis. Equal portions from each were composited 
for the adaptation period and the finishing period. Ingredients were dried and ground through a 
Wiley mill (1-mm screen, Arthur H. Thomas, Philadelphia, PA). Ingredients were analyzed for 
dry matter (DM; 24 h at 105 C), neutral detergent fiber (NDF) and acid detergent fiber (ADF; 
using Ankom Technology method 5 and 6, respectively; Ankom200 Fiber Analyzer, Ankom 
Technology, Macedon, NY), crude protein (CP; Leco TruMac, LECO Corporation, St. Joseph, 
MI), ether extract (EE, Ankom method 2; Ankom Technology, Macedon, NY), and organic 
matter (OM; 600 °C for 2 hr; Thermolyte muffle oven Model F30420C; Thermo Scientific, 
Waltham, MA). Particle size of the dry-rolled corn sample was measured biweekly in duplicate 
using a portable sieve shaker (Model 24, Tyler Industrial Products, Mentor, OH). Sieves used for 
particle separation were #4, 8, 16, 30, and the pan. The average geometric mean diameter of the 
dry-rolled corn was calculated to be approximately 3772 µm. 
Heifers were implanted at the start of the trial and on d 119 with a Component TE-H with 
tylosin implant (80 mg trenbolone acetate, 8 mg estradiol, 29 mg tylosin tartrate; Elanco). The 
tylosin in this implant was localized to reduce the risk of infection and did not affect treatment. 
Ractopamine hydrochloride (Optaflexx, Elanco, Greenfield, IN) was fed to all groups to achieve 
an intake of 300 mg per heifer per day for the final 28 d. On d 252 heifers were slaughtered at a 
commercial abattoir. Liver abscesses were scored on size and number using the Elanco Liver 
Check System (Elanco, Greenfield, IN). Normal livers were labeled 0; livers with 1 or 2 small 
abscesses or scars were scored as A-; an A was denoted for 1 or 2 large abscess or multiple small 




ruptured abscesses, or adhesion to the carcass wall. Individual camera carcass data were 
provided by Tyson Foods Inc. for determination of yield and quality grades. 
The MIXED procedure of SAS 9.4 (SAS Inst. Inc., Cary, NC) was used for all statistical 
analysis. A 2 × 2 factorial design was used with pen considered the experimental unit for all 
analysis. Body weight, ADG, G:F, and DMI, utilized the random statement with pen nested 
within treatments (St-Pierre, 2007). The pen average was utilized when analyzing blood 
biomarkers. Sampling time was added to the fixed effects for blood markers and the repeated 
statement was used with the compound symmetry covariate structure. Covariance structure was 
chosen after considering the Akaike and Bayesian criteria. Body weight, ADG, G:F, and DMI, 
included diet, tylosin, block, and sire in the fixed effects. Fecal starch values were transformed to 
ensure normality of residuals based on Box-Cox procedure. Significance was declared at P ≤ 
0.05 and tendencies were noted at 0.05 < P ≤ 0.10.  
RESULTS AND DISCUSSION 
Overall BW (Table 3.2) and ADG (Table 3.3) were not different (P ≥ 0.21) between 
treatments. From d 35 to 63, greater ADG was observed for HMC (P = 0.05) and T+ (P = 0.01) 
with no diet × tylosin interaction (P = 0.99). Tylosin has been shown to increase ADG when fed 
to beef cattle (Brown et al., 1973; Potter et al., 1985). However, these trials reported a reduction 
of liver abscess when tylosin was fed that coincided with the greater ADG. Only 3 heifers in the 
current trial had a liver abscess score of A+ and 2 heifers had a liver abscess score of A (data not 
presented). Although an increased (P = 0.05) ADG for HMC heifers and T+ heifers was 
observed from d 35 to 63, BW was not affected over the same period and treatment effects did 
not persist later in the finishing phase. The differences in ADG from d 35 to 63 may be due to 




Gain:feed were similar (P < 0.90; Table 3.4) during the initial 119 d. However, G:F was 
increased (P = 0.05) for HMC fed heifers from d 147 to d 252 when feed was delivered in 
GrowSafe feed bunks. The increased G:F is driven by the lower (P = 0.04) DMI (Table 3.5) from 
d 147-175 for HMC heifers. Switching to the GrowSafe bunk may have caused cattle to consume 
feed differently. From d 147-175, 34% of intakes were removed. The large number of days 
removed is due to heifers adjusting to eating out of the GrowSafe bunks. There were no other 
DMI differences (P > 0.12) in the trial and overall G:F was not different (P ≥ 0.42) for the entire 
feeding period. 
No difference in performance between DRC and HMC diets is supported by Owens et al. 
(1997) which compiled results from 605 feeding trials in North America. Cattle fed high 
moisture corn were found to have similar ADG and G:F when compared with cattle fed dry-
rolled corn. Although G:F was similar, DMI was decreased for high moisture corn when 
compared with dry-rolled corn but was not different from whole corn. Additionally, Schwandt et 
al. (2017) described that performance was not affected by particle size of dry-rolled corn. 
However, they did observe an increase in DMI as particle size decreased. The whole corn in 
combination with dry-rolled corn in the DRC treatment is likely the reason DMI was not 
different between HMC and DRC.  
As expected, ruminal pH was affected by treatments (Table 3.6). Specifically, on d 35 a 
diet × tylosin interaction (P = 0.02) was observed with the greatest pH for heifers fed HMC T+. 
On d 147 and 252, HMC heifers had greater (P ≤ 0.03) pH. On d 252, a tendency for a diet × 
tylosin interaction was observed for HMC T+ to have the highest (P = 0.07) pH. Cooper et al. 
(2002) reported that starch from high moisture corn diets was digested about 60% faster than 




rolled corn diets. They observed a ruminal pH nadir 6 hr after feeding for high moisture corn 
while the dry-rolled corn diet did not reach its nadir until 18 hr after feeding. Given that the pH 
readings in this trial were taken at a consistent time before feeding, the greater values for HMC 
are likely related to diurnal variations in pH. A high moisture corn diet would have more time to 
recover and reach a greater pH before feed was offered again compared with a diet with dry-
rolled corn.  
In addition, there was a diet × tylosin interaction for HMC T+ heifers to have lower 
(14.85 %; P = 0.01) fecal starch compared with DRC T+ (23.13%) and HMC T- (23.13) heifers 
(Figure 3.2). A main effect was observed for DRC heifers to have greater (P = 0.04) fecal starch 
compared with HMC heifers. Fecal starch levels changed (P = 0.01) depending on time point but 
is likely due to sampling method. Fecal starch levels from DRC heifers in this experiment were 
increased compared with levels reported by Lundy et al. (2015) when a dry-rolled corn diet was 
fed. The increased levels are likely due to increased particle size particle size (3772 µm vs. 2350 
µm) compared with Lundy et al. (2015), and the addition of whole corn witch was demonstrated 
to increase fecal starch by Turgeon et al. (1983). Fecal pH is displayed in table 3.6. A decreased 
(P = 0.05) pH was observed on d 147 for T+ vs. T- heifers. Even though fecal starch was greater 
for DRC heifers, no other differences were recorded for fecal pH. 
Main effects of blood biomarkers are presented in table 3.7. The GLDH concentration 
was above the normal range (1.0 – 36.0 U/L) for all groups. Heifers fed no tylosin had decreased 
(P < 0.01) AST, and tended to have decreased (P = 0.09) albumin levels. Minuti et al. (2013) 
indicated that the inflammation from ruminal acidosis would decrease AST and albumin 
concentrations in the blood. Albumin is a negative acute phase protein that is decreased when pro 




increased (P = 0.06) levels of APT. Alkaline phosphatase is a glycoprotein that assists in the 
breakdown of protein and lipids within the body and has been shown to be elevated with liver 
damage (Sharma et al., 2014). Blood urea nitrogen (BUN) was elevated (P =0.02) in DRC fed 
heifers; which was driven mostly by the DRC T- cattle having the highest (P = 0.01) BUN of all 
treatments. There were no differences (P ≥ 0.11) for triglyceride, gamma-glutamyl transferase 
(GGT), total bilirubin, glutamine dehydrogenase, and plasma glucose across all treatments even 
though they have been used in the liver function index (Bertoni and Trevisi, 2013). 
The interaction between diet, tylosin, and time is presented in figure 3.1. Cholesterol 
increased from d 0 to d 119 for all treatments. On d 119 HMC T- heifers had the greatest (P < 
0.01) cholesterol concentrations. HMC T+ heifers had numerically lower cholesterol 
concentrations compared with the other treatment throughout the feeding period and had the 
lowest (P < 0.05) concentrations of all treatments on d 175 and d 211. Additionally, on d 175 
heifers fed HMC had lower (P = 0.02) cholesterol compared with DRC witch was mostly driven 
by HMC T+. The decreased cholesterol indicates that these heifers may have been experiencing 
ruminal acidosis. Minuti et al. (2013) indicated that the inflammation from ruminal acidosis 
would decrease cholesterol concentrations in the blood. Additionally Calamari et al. (2014) 
indicated that dairy cows experiencing metabolic stress that had depressed rumination times after 
calving also had decreased cholesterol and albumin concentrations indicating a depression in 
liver function. The depression of cholesterol in both HMC and DRC at d 147 indicates both 
groups likely experienced inflammatory responses when cattle were switched onto the GrowSafe 
System. 
Carcass characteristics are presented in table 3.8. Heifers fed HMC had a greater (P = 




for T+ heifers. These results are surprising due to the lack differences in live BW and ADG. 
Back fat over the 12th rib, and kidney pelvic and heart (KPH) fat were not affected (P ≥ 0.11) by 
treatments. In previous studies tylosin has been observed to have no effect on HCW, backfat 
thickness, or KPH fat (Depenbusch et al., 2008; Meyer et al., 2013).  
Corn type, tylosin, and their interaction did not affect average daily gain, feed 
conversion, or final body weight. Serum cholesterol and albumin indicated liver function of 
heifers not fed tylosin was lower that of the cattle fed tylosin. Overall, changing the corn type did 
not affect growth performance and carcass characteristics, but may have an impact on markers of 















TABLES AND FIGURES 













Ingredient, % DM       
   Whole shelled corn  - - - 20 - 
   Dry-rolled corn  7.5 15 22.5 40 - 
   High moisture corn  7.5 15 22.5 - 60 
   Corn silage  35 25 15 10 10 
   MWDGS2 15 20 20 20 20 
   Orchard grass hay  25 15 10 - - 
   Supplement3       
      Ground Corn 7.62 7.62 7.62 7.62 7.62 
      Limestone 1.59 1.59 1.59 1.59 1.59 
      Urea 0.6 0.6 0.6 0.6 0.6 
      Trace mineral premix4 0.091 0.091 0.091 0.091 0.091 
      Rumensin 90 0.0154 0.0154 0.0154 0.0154 0.0154 
      Tylosin 405 0.01 0.01 0.01 0.01 0.01 
      Fat 0.075 0.075 0.075 0.075 0.075 
Chemical Analysis, % DM      
   Dry matter 62.6 66.1 71.5 73.7 67.8 
   Organic matter 93.5 94.2 94.9 95.8 95.7 
   Crude protein 12.9 14.0 14.0 14.1 14.1 
   Neutral detergent fiber 41.3 33.2 26.9 19.3 19.7 
   Acid detergent fiber 21.6 16.2 12.3 7.4 8.1 
   Either extract 5.0 5.4 5.4 5.7 5.5 
1 DRC = dry-rolled corn diet; HMC = high moisture corn diet 
2 Modified wet distillers grains 
3 Premix added at 10% of dry matter  
4 8.5% Ca, 5% Mg, 7.6% K, 6.7% Cl, 10% S, 0.5% Cu , 2% Fe , 3% Mn , 3% Zn, 278 mg/kg 
Co, 250 ppm I, 150 Se, 2,205 KIU/kg Vit A, 662.5 KIU/kg Vit D, 22,047.5 IU/kg Vit E 








Table 3.2: The effect of corn type and tylosin on body weight over time. 
 Treatment1   P-value 
Item, kg DRC T+ DRC T- HMC T+ HMC T- SE Diet Tylosin D × T2 
d 0 183 189 189 189 3.8 0.46 0.49 0.51 
d 35 228 229 234 234 4.6 0.28 0.88 0.96 
d 63 279 274 288 283 5.3 0.14 0.35 0.97 
d 91 328 320 331 331 7.7 0.43 0.61 0.65 
d 119 374 366 373 377 7.7 0.54 0.85 0.49 
d 147 412 402 408 409 6.7 0.81 0.58 0.46 
d 175 445 440 448 443 7.5 0.73 0.51 0.99 
d 211 501 496 500 503 8.7 0.77 0.90 0.70 
d 231  529 525 531 534 9.3 0.56 0.96 0.76 
d 252 551 543 559 564 9.5 0.21 0.84 0.55 
1 DRC = Dry-rolled corn based diet; HMC = high moisture corn based diet; T+ = fed tylosin; 
T- = not fed tylosin 


























 Table 3.3:  The effect of corn type and tylosin on average daily gain over time.  
 Treatment1  P-value 
Item, kg DRC T+ DRC T- HMC T+ HMC T- SE Diet Tylosin D × T2 
d 0 – 353 1.28 1.16 1.28 1.30 0.06 0.28 0.39 0.30 
d 35 – 633 1.81 1.61 1.95 1.74 0.05 0.05 0.01 0.99 
d 63 – 913 1.73 1.66 1.54 1.70 0.17 0.67 0.79 0.53 
d 91 – 1193 1.63 1.65 1.50 1.66 0.11 0.61 0.41 0.53 
d 119 – 1473 1.34 1.28 1.26 1.16 0.07 0.20 0.29 0.78 
d 147 – 1754 1.20 1.35 1.43 1.19 0.08 0.62 0.56 0.06 
d 175 – 2114 1.55 1.56 1.45 1.66 0.10 1.00 0.28 0.37 
d 211 – 2314  1.43 1.43 1.58 1.34 0.24 0.92 0.66 0.65 
d 231 – 2524  1.07 0.83 1.30 1.41 0.24 0.16 0.80 0.48 
d 0 – 2524  1.46 1.41 1.47 1.49 0.04 0.24 0.58 0.36 
1 DRC = dry-rolled corn based diet; HMC = high moisture corn based diet; T+ = fed tylosin; 
T- = not fed tylosin 
2 Diet by tylosin interaction 
3 Fed in concrete bunks 




Table 3.4: The effect of corn type and tylosin inclusion on gain:feed 
 Treatment1  P-value 
Item, kg DRC T+ DRC T- HMC T+ HMC T- SE Diet Tylosin D × T2 
d 0 – 1193  0.235 0.246 0.245 0.236 0.011 0.90 0.98 0.40 
d 0 – 2523  0.179 0.194 0.185 0.187 0.010 0.42 0.98 0.56 
d 147 – 1754  0.155 0.161 0.138 0.180 0.015 0.17 0.91 0.28 
d 176 – 2114  0.155 0.181 0.165 0.153 0.007 0.39 0.25 0.07 
d 212 – 2314  0.147 0.149 0.147 0.162 0.025 0.72 0.81 0.80 
d 232 – 2524  0.088 0.148 0.105 0.131 0.027 0.19 1.00 0.57 
d 147 – 2524  0.141 0.159 0.143 0.155 0.006 0.05 0.84 0.61 
1 DRC = dry-rolled corn based diet; HMC = high moisture corn based diet; T+ = fed tylosin; 
T- = not fed tylosin 
2 Diet × tylosin interaction 
3 Fed in concrete bunks 
















Table 3.5:  The effect of corn type and tylosin on dry matter intake 
 Treatment1  P-value 
Item, kg DRC T+ DRC T- HMC T+ HMC T- SE Diet Tylosin D × T2 
d 0 – 353  5.50 5.16 5.39 5.15 0.14 0.71 0.12 0.77 
d 36 – 623  6.17 6.32 6.88 6.59 0.43 0.33 0.87 0.65 
d 63 – 913  7.23 7.18 7.22 6.92 0.30 0.68 0.60 0.70 
d 92 – 1193 7.78 7.44 7.35 7.63 0.18 0.56 0.89 0.18 
d120 – 1393 7.92 7.97 7.96 7.70 0.20 0.60 0.61 0.47 
d 147 – 1754 8.49 8.76 8.10 7.49 0.30 0.04 0.55 0.21 
d 176 – 2114 9.49 10.12 9.57 9.21 0.34 0.26 0.69 0.21 
d 211 – 2324  9.50 9.62 9.61 8.86 0.33 0.34 0.34 0.25 
d 232 – 2524 9.93 9.29 10.16 9.72 0.36 0.38 0.17 0.80 
d 0 – 1393   6.78 6.66 6.82 6.66 0.21 0.94 0.54 0.93 
d 147 – 2524  9.36 9.48 9.39 8.98 0.30 0.44 0.62 0.42 
1 DRC = Dry-rolled corn based diet; HMC = high moisture corn based diet; T+ = fed tylosin; 
T- = not fed tylosin 
2 Diet × tylosin interaction 
3 Fed in concrete bunks 








Table 3.6: The effect of corn type and tylosin on rumen and fecal pH 
 Treatment1  P-value 
Item DRC T+ DRC T- HMC T+ HMC T- SE Diet Tylosin D × T2 
Rumen fluid pH 
  d 353 6.73 6.98 7.03 6.81 0.10 0.53 0.85 0.02 
  d 91 6.15 5.95 6.32 6.15 0.22 0.40 0.38 0.93 
  d 147 6.27 6.31 6.70 6.77 0.10 <0.01 0.61 0.86 
  d 210 6.27 6.28 6.58 6.46 0.18 0.18 0.77 0.71 
  d 252 6.46 6.74 7.13 6.79 0.17 0.03 0.86 0.07 
Fecal pH 
  d 35 6.36 5.86 6.15 6.04 0.33 0.95 0.36 0.56 
  d 91 6.40 6.31 6.37 6.49 0.08 0.34 0.85 0.20 
  d 147 6.47 6.71 6.47 6.57 0.08 0.39 0.05 0.39 
  d 210 6.26 6.20 6.28 6.25 0.06 0.60 0.41 0.82 
  d 252 6.86 6.80 6.71 6.22 0.29 0.22 0.35 0.48 
1 DRC = dry-rolled corn based diet; HMC = high moisture corn based diet; T+ = fed tylosin; 
T- = not fed tylosin 




















Table 3.7:  The effect of corn type and tylosin on blood biomarkers  
 Treatment1   
Item2 DRC T+ DRC T- HMC T+ HMC T- SE P-value3 
Triglyceride, mg/dL 20.0 21.3 23.3 20.6 1.7 NS 
GLDH4, U/L 67.0 54.4 64.2 66.7 17.8 NS 
Bilirubin4, mg/dL 0.2 0.2 0.2 0.2 0.01 NS 
GGT4, U/L 28.9 25.0 26.3 28.1 1.8 NS 
AST4, U/L 84.2 79.3 83.3 76.0 1.6 †† 
APT4, U/L 165.0 154.5 173.0 175.5 7.5 * 
Albumin4, g/dL 4.0 3.8 3.9 3.8 0.1 †† 
BUN4, mg/dL 12.7 14.5 12.9 12.2 0.4 **;++ 
Plasma glucose4, mg/dL 96.95 96.58 95.18 95.73 3.17 NS 
1 DRC = Dry-rolled corn based diet; HMC = high moisture corn based diet; T+ = fed tylosin; 
T- = not fed tylosin 
2 Gama-Glutamyl Transferase (GGT), Aspertate Aminotransferase (AST) Alkaline 
Phosphatase (APT) Blood Urea Nitrogen (BUN) 
3 Symbols denoting P-values: †† = tylosin effect P ≤ 0.05; * = diet effect 0.10 < P ≤ 0.05; ** = 
diet effect P ≤ 0.05; ++diet × tylosin interaction P ≤ 0.05; NS = P > 0.10 for all main effects 
and interactions. 

























Table 3.8:  The effect of corn type and tylosin on carcass characteristics 
 Treatment1   
Item2 DRC T+ DRC T- HMC T+ HMC T- SE P-value3 
HCW, kg 346.8 321.8 341.6 346.6 8.43 + 
Calculated YG 3.43 3.19 3.14 3.30 0.13 NS 
Marbling 606.1 545.4 581.6 551.7 24.6 † 
LM area, cm2 84.06 80.48 86.49 86.67 2.05 ** 
BF, cm 1.65 1.52 1.55 1.65 0.08 NS 
KPH fat, % 2.33 2.25 2.29 2.30 0.06 NS 
1 HCW = Hot carcass weight; Calculated YG = USDA calculated yield grade calculated as 2.5 
+ (0.98425 × 12th rib fat, cm) + (0.2 × KPH, %) + (0.00837 × HCW, kg) – (0.0496 × LM area, 
cm2) (formula derived from USDA, 1997); BF = Back fat thickness over the 12th rib; Lm area 
= surface area of the longissimus muscle; Marbling = measurement of intramuscular fat (100-
199 = Practically devoid; 200-299 = Trace; 300-399 = Slight; 400-499 = Small; 500-599 = 
Modest; 600-699 = Moderate; 700-799 = Slightly abundant; 800-899 = Moderately abundant; 
≥ 900 = Abundant); KPH = kidney pelvic and heart fat as % of HCW;  
2 DRC = Dry-rolled corn based diet; HMC = high moisture corn based diet; T+ = fed tylosin; 
T- = not fed tylosin 
3Symbols denoting P-values: +diet × tylosin interaction 0.05 < P ≤ 0.05; †tylosin 0.05 < P ≤ 













































DRC T+ DRC T- HMC T+ HMC T-
* ** †
Figure 3.1: The effect of corn type and tylosin on serum cholesterol levels. An overall diet × 
tylosin × time interaction was present with a p-value of 0.01. Symbols represent mean 



























DRC T+ DRC T- HMC T+ HMC T-
Figure 3.2: The effect of corn type and tylosin on levels of fecal starch as a % of fecal 
dry matter. P-values: Diet = 0.04; tylosin inclusion = 0.62; diet × tylosin = 0.01; 
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